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(FGF2) (Baffour, R. et al., J. Vase. Surg. 16(2 ): 181-91, 1992) ^ftjM 
ISii56H^F (endothelial cell growth factor; ECGF) (Pu, L. Q. et al., J. 
Surg. Res. 54(6 ) :575-83, 1993) «fc §^«lWil^ftT^So X t) 

ft^Tiis Mft&ii^H^/lfiL^jIJltelll^ (vascular endothelial growth 
factor; VEGF / vascular permeability factor; VPF) fr\ it^AM^S XXF&M 
Jfo®Ifrtl^7 J ;i/fc:fcMTs M i gBl&*$imtZ>Z.t-t?*$nT^Z> (Takeshita, 

S. et al., Circulation 90(5 Pt 2) : 11228-34, 1994; Takeshita, S. et al., 

J. Clin. Invest. 93(2):662-70, 1994) D 

(vegf/vpf) &z(DBmz.frteo%mmfc?t%te$hx&t), mm, 7? 

£r£ftW3 (Baumgartner, I., et al., Circulation 97, 1114-1123 (1998); 
Isner, J. M. , et al., J. Vase. Surg. 28, 964-973 (1998))o Lfrb&/^£>s 
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7^ >u Y%%^tcMm^®&te*mx#&Tfmm®mz$te¥M<-&<, vegf 

Zm^tfte^o m^om^CXtUt, h^i/^x^y^ (Thurston, G., et a 
1., Science 286, 2511-2514 (1999)) £tc&T7; (Thurston, G., e 

t al., Nature Med. 6, 460-463 (2000)) t X zmYOMmmMtt, 

^©VEGF?H5^*Afr\ b h<DJ&lfomz#^T~MmcZm£%MTZttPmgti 
T^Ztf (Baumgartner, I., et al., Circulation 97, 1114-1123 (1998); Isn 
er, J. M., et al., J. Vase. Surg. 28, 964-973 (1998)), Ztit>(DBMtem,M 

mffi(Dm^Mn%fcf&rZ^ffe&ft%Zibti2> (Carmeliet, P., Nature Me 
d. 6, 1102-1103 (2000)) o £fcs VEGF£in vivoT?Jfil«^3»K?#Xbfe^ 

MBj (extravasation) £?§l#|2£ bf#§ (Yonemitsu, Y., et al., Lab. Inves 
t. 75, 313-323 (1996)) 0 ^feb h D^-1';^^^MV^T^^S5^tIt^tVEGF^^i 

m^m^^tz^x^nmommn^tm^nx^^ aee, r. j., et ai., 

Circulation 102, 898-901 (2000)) o S^#fcffi^aUB&#*.fc»^ JSFJrftfc 

m% $ z n h (D^mm %m=f- w±£ ommm t m n tts t w ^ \-m &>x mm 
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ti&fritmfrtb&tztb, *mw%?>i±, m^^m^xm^mxmB^mxx 

%&Zt®7fs^ftX^UmWkZ.-b>y'(t7'( )VX (SeV) £^Lfe«fc^9A 
D^ae^&^A-rsW^E&ffofeo IQte^JtjSV^T^W^ttx AM 
m%mcDtc®(Dy-)ltLX 2^><Dffl.frWk%-SeV^P tftt>% t hVEGF165 

^H^T!&Sil£;M£4 v lW£FGF2 (bFGF^&l^) (Baffour, R. et al., 
J. Vase. Surg. 16: 181-191 (1992)) t||U T«i7^FGF-2^l6^-rSSeV^ 
bTJBlrMfco ZtlbV^t-Zm^X, (1) SeVfc^bfclS+it 

v *i/t (3) att^v^rsi^^^fcjflifif^sfiii^^fisiiR^iin 

^5^1/) bTf#£ft3BALB/c nu/nuV^^TM^'E^/'Kauto-amputatioii^T-* 
7 s ;!/ (limb salvaged ^;i/) fcjg^fco t bVEGF165, x">XFGF2, £fzl±)li/7 
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M^Mt^?*- (^ft^tl SeV-hVEGF165 N SeV-mFGF2, SeV 
-luciferase) &«3SU J*Jfli#^2Blif{c:^JBiS5, TMC&^U ^ffi&lOB 

;i/^7x7-€7t^*Mofev^^TK#^S5-N©?i{E^#AT-(±s 100,ug 
©^7^^ b**£#-e©S§3il^;i/ (t r60kgC*fb200iiig : B*ffiffla©25-50 

SeV-hVEGF165^ SeV-mFGF2£ fcC 50~500ng/10 5 cells/24 hours £ 
^m&<DfrW%mtbtc 0 SeVnPSF20fi5Wrt©#t±N (^-*5>f > 

) Cit^FGF2l^;i/£5M00^C±#£^;fc©C*fbT> SeV-hVEGF165©fe#T? 

KOF0»a*K*K:JtiP**feo SeV-hVEGF165©^#t^^TH:s 

kftofc. -^s SeV-iFGF2&4TfirtBteTCGF©$B3S&#V\ $C&fcj3^T#5fc 

tztemb&imbtiito jstt-cifamQizttk*? *-&Mm&<Dffi.&*mtb-b 

fr^fc (<5 pg/ml)o ^J&^^T&^Mt©^ SeV-luciferaseifc SeV- 

mvtzo Tmm^)ix\tm2&x®fr^$mmmm%t>ns mom-ems. 
£A,£(OTmmULtco 

f-lZ^X^ F^*-CJt^ 10~100fSW±igV^3g^^bfe^\ VEGF165 
ftfcSirSil^tfcitHz^-f 'W^*''***— © in vivo tt-^fc^WCtt^^ 
7©^m^itJ&)KC*it§K^^^^oT^^b^^Sc^«^^^^o 

fee SeV-hVEGF165©K#tt&ffl£g§&$-e- (|*»J4\ 08), Jtl&^«©« 
©®ft£&$tffc (H»J5^ Ell miF12)o ^bTs *Jfllt:J:*Klia*©Jt 

mzuMtzmmibgittz (mmms, m9#zvi o) c cin&vEGFo^jfimM 
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J»S^©IMff#'J>fc < ;me>©issu±s 

■5ifi«*«*siii*^i/T^* 0 zvz, &*)&^]/ t%m®m* 
fgf2 %±temtt%m%t&b®zz.t&7jk£titzo a 

fc*»WB\ in vivo t*W-sm*fe^©«At*»S5l**:^-;i/-C*aSe 

(2) Mwm&&&?&mmwmimnm*2.(m2) t*&§s (i) ram©;-? 

(4) Fit£^££dllLT^£s (1) fcfBtt©^7 ^V^-f/M^^^- 

(5) (i) iztm®^*zvtj)iz^z*-£tcizm^*-*^tsMM, 

(6) ii»Mt§^© v (5) fcfBtt©ffijm 

(7) (5) £gBtt©ttfifc& 

( 8 ) ( 5 ) i? £> ( 7 ) ©V>rn*fclB«©JfliM*tl^«l*tt#t5XS4^&- 
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X'^mm^m^^r^±MmMm^(D^t^mtns^ti^\ o) fgf 

2©o©1/ ^;i/©$8SI±l*3HteVEGF0$g3£&S&S| U &©jfiL8&4BS£fciiin £ 
*&SWft»**5st*s ^bT (4) VEGF165©»J^(iFGF2i:{±^M{3KW 

ft»arr*s ct^^nfeo cn&om #(3fgf2m^m^®ut43 

f|i*8S^C fcKx KAJflltJ;D»#*ixSrtHttVEGFJ±jB*fc*tt*n«0-e 
fcfcfc^ &MatiRKttttLfeo ii^PI^£J;^^ffi (EC) (c*^T 
F^]EIt4VEGF©^^M^'r§C^{±^^nT^feA s (Florkiewicz, R. Z. et al 
., J. Cell. Physiol. 162, 388-399 (1995)) N fc&WfcJu flHttYEGF** ^m^J 

T-^*ffl^t5o Asahara^>(±VEGF©±#^(if*l^|ffIE« (endothelial p 
rogenitor cells; EPCs) ©fMW£&±#3"&3£fc&**b*t:t5D (Asahara, T, 
et al, EMBO J. 18, 3964-3972 {im))s&&lh£tttZ>&m&}Bi.Jfofc <fc£{IIR 
Jfilff (collateral vessels) ©T&fjgtt, g*#©lfoWfr£>;&ffi&ftSit?®£ ECt £ 
^MifSf4 (Isner J. H. , J. Clin. Invest. 106, 615-619 (2000)) £ t> 
£k EPC^/rbfc r JfilW$T£filj ©iifM ("vasculogenesis-like" neovasc 
ularization) fc N &Sgg##bT^3Rrifete#&3o *Jfilte*N03te : ?*Afc 
J:*VEGFO»3Btti**3a:jfli«E«*fc6*"fN «m^®T- ^mbfcfr\ d 
©*g^ VEGFtt rjfHffgf4H^j 7?ttft< N £fc rjfli^aaH^j fcLTfftSb 

ftffimmwmti s w t %nt£ztiz&vx%-£$i£nzo 

xmwizx DFGF2©3tf5?^^± J eng#©^^Jtifll0©M^c^^v^ 
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tfwSnfc. FGF2CD»fe^*XCJ:Sffi*0VEGFCD>-^;V«:MeW*SttVEGF 
fce^SAfcfcttSfc^fclWT?**^ FGF2Jte??&*a#:t±s VEGF»fc^?S 

ft*«E** s U^%JflW^I±l^^^V> < fc^^gKfi!lflim* s ffM^n5(3^ VEGF 

iztfTft <m2b&mx*&zz t%^mLT\,^o vmizx^mmzhz 

MCJfeMfflSW^rSf^ffl^o-jfliW^H^-e&S angiopoietin-l 

SeV-VEGF165fcMn vitrofc^V^TSeY-FSFEfcraaiCDI/^-cafe^S**^*} 
^•^Sd^^^nT^SCt^^N in vivo ©j|&#C:fc^Ts &A£ftfcSeV- 
VEGF165 fr\ 3ft -tfSeV-FGF2^SeV- luc if erase ft D «fc ? fc&S * a* $ & V > © 

PI) J»*FTf * ^«Sl!ffi<Z>^ V^flfcJtS Jfe?*CD«l«ftCDi£T3& 1 ^^ ttfe c A* & ^ VEGF 16 
5 WtS^l^: miWO^ft bt> 0!l;t«^i-:/U> (Mover, S. 

A., et al., Proc. Natl. Acad. Sci. USA 83, 5405-5409 (1986)) ^Kx*? 

»J-bl/-h^r±— £ (Ogino, T., et al., J. Biol. Chem. 274, 35999-36008 ( 
1999)) ^^©SeV«^1-5^©mrt^^^^nSnTtli4^#^e>ti5 
c Jt$«6tJ<gVM/^;i/©(*lStSVEGF165itfe^©^ (ft 200pg/g muse 

le) #M*JfiLffi-Cfci:giigfciiJ&n (l,400pg/g muscle) -TSfctot;:, 

? 4 >©2^j^©fgi/^;i/T*fe 5 £ LT *Kfi^©M]fa£-& fe e> -f WIS 

tv^So d.ne>©H^©.4'T*)VEGF©^ti^eti«iii»> €©ffltti5S«b 

T*t)> 7l/;i/3&»l-o^bfe-«ttTf4>a^fl«J«:^a**)fee>-r (Carmeliet, P. 
et al., Nature 380, 435-439 (1996)) 0 Jfil < g©^^J:TOi<!©^5ifit^5V^ 
TVEGFOftttWafBa^B-ca t)s Hffl»fcVEGF©*8St±^IH©]fiL«»r£fi 
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Jt6b*»8§**f (Pettersson, A. et al., Lab. Invest. 80, 99-115 (2000)), 

^^i / zmY^mmt^%mmmmm±m,W(D^timtA,t:m^L^ (s P ri 

nger, M. L., et al., Mol. Cell 2, 549-558 (1998)) 0 ft-sT, *$g$©|g£fr 

ve7^;i/X^^^-i±u«^>y^S (RNP) Tfe-^T*)J;<s 
C-MK2 £ fcfcfcCV-l& if ^Til^ 5 CI £ 5 0 

t <£ d flisg * n fc * 5 s * v •> -r ; i/ * ^ * * - ^ fe & jg. n & if *§ t t t# e> n 5 ^ 
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M?L\£^7 K 7 V f?4 )]/7,U{Paramyxoviridae)(0 J z >7W ^^(Sendai vir 
usk =.3.— 1> ;)/7 (Newcastle disease virusk $tz& < fr-tf'W 

;i/7(Mumps virus) s j^0^-f ;i/^(Measles virusk RS>> ;i/7 (Respiratory s 
yncytial virusk ^>M;]/7( rinderpest virusk i^^fW^- tf^f ;i/*(di 
stemper virus k >7;i/x>1f (SV5k thM7^>7JPx 

>if <w )izi,2,zmmt?mf e>ftSo #3pj©<m ;i/7&. $? £ t < y^-? ^ 7 

V«M;i/7ffi {Paramyxovirus) izmt^^-iJl^tfzlt^(Dm^^^o 

;i/x>+f.M;]/7 1M (HPIV-1). h h;i7-f >7;^x>if-j7-r;i/^3M (HPIV- 
3k 7^^^^ >7;Ux>-tf^;i/73M (BPIV-3k -fe >7W -M;i/7(Sendai 
virus; v?*/^-* >7;ux>if «w;u7n 1M£ &[#fc£ft§k * £t>*lt;w^ 
>7;i/x>if>>-r;i/7ios (spiv-io)s Mu f {3 j eoftfeo^<c7)/^^7v>>-r 

>^V7^;i/7T-feSo ufi^^-f/Mtt, &mm, 

^ *5J:t>*A^(c^^tifett^^$)Dt#^o DI» (J. Virol. 68, 84 
13-8417(1994)) m<D^%±t>4 U =f 7 7 l/^ h^fcs 

X 7 v •W^Of ;U77 W17K&3- h*-r^«lS^^ ttfis NP N P 
, Ms Fs HN. &£mmfc?ti s 'e;£tiZ>o r NPs P N M N F N HN S £cfctWIfc^j 

Ztl?tl??l'** J r7°Ph\ *7* N VhUy77 N 7a-^aX ^ 
7>?-x >-7 ^ 7 ^ x 7 * J: tf^ 3 - K f £itlK^© c £ % 

&©J;9J;::g|fB£*iSo -J&tCs NP^Ifc^y: r N it^j «f3£ft£c:£*)&S 

o 

^7^7V^^;b7S NP P/C/V M F HN - L 
Jiyv^J Jixm NP P/V M F HN (SH) L 
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^E-tf U <>f;i/*Jg NP P/C/V M F H - L 
#J £ (f ^ 5. ^ V t> 4 )IZ n {Paramyxoviridae) <D V 7. M D t> 4 )IX (Respi 
rovirus) izfrmz ft & -fe > 94 t> 4 )IZ ©i&SIB^J©^-* ^-X © 

T^-fey^aVH-^ NP>He^J;:o^T& M29343 s M30202, M30203, M30204, 
M51331, M55565, M69046, X17218, Pitfc^ tov^fci: M30202, M30203, M3020 
4, M55565, M69046, X00583, X17007, X17008 s Mitfc^£o^T& D11446, K02 
742, M30202, M30203, M30204, M69046, U31956, X00584, X53056, Fitfc^fcio 
IMTtt D00152, D11446, D17334, D17335, M30202, M30203, M30204, M69046, X 
00152, X0213K HNjUs^fcoiNTtt D26475, M12397, M30202, M30203, M30204 
, M69046, X00586, X02808, X5613K LMfe^-o^Zlt D00053, M30202, M302 
03, M30204, M69040, X00587, X58886 ft to 

ft%o -JtSlCs Sfe^sei^-h'btfeJ;<v g;£g[SJtft:3-KbT^ 
& < T 4) «k V fcfc^tt 'J if -f A * it. it 7 > ^-fe > * RNA& if OfctlKjRNAft 3 

T?fc!JftSo fcBfllfcfc^T r DNAj fct± N -*«DNA*J;V-*«DllAftd 

fro 

;ux^*-ft in vivo -eS5+t«!4-r5c;i:tJ:DNS#fiPttt*v>T#X3S 
fi^ftEfBa^-a-SCfc^TfgfSiifcft^BEbfco **8ffl**fcJ:Sve>X*jfit 
ftKo«K*«l?H:N ifoW$T£i&fc? (FGF2) ftn-Kf Stt*!ltf.^$*v 

ftR*b*5BftB6Jtf Sfc«)t*fflT?fe Ds ^s^^^^-liiMIfc^tt 
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b < & v a BWm £ ^ b & v * Wffl t? ft 5 d t &7jk £ ft ft o z © <k a fc ;i ^ 

m bT * D s JftfetflMr fc «t § «©-^h * <fc oqF?E<fb & £©££iB £ 3 m 

t£T-Jffi& b S d h £ ftT ^ £ AC^•bT{i^Jlt4>^) s ^^^o citittS 

^Wffi^^^^^h^acntT-C^fcctoT^^^nTVA-g. (Hurwitz, 
J.L. et al., Vaccine 15: 533-540, 1997) 0 -fe>^ KZ(DZth<o<Dft®. 
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*»mit:*V>TJfll«*f4»e^Ffct±s JfiL®Br£ (angiogenesis) 
ttJMB&ft (vasculogenesis) &il**fcttlHttfci£jI««tt**rSH : ?4 

*8HftRNA ('; alMf-f A^T>^-fe>*RNA) &£©;j»e&oT&cJ;^o J&^if 
£®GK£UT&s tfiRJis ^«H^«ti^BI^ (acidic fibroblast grow 
th factor; aFGF), iHf^M^E^ 2 (fibroblast growth factor 2; FGF2 
) (MSififfiHiS? (bFGF) tbmtoftZ), If^llS? (vase 
ular endothelial growth factor; VEGFX T>^ir^^ (angiopoietins 
; Ang) (Ang-l;fcJ;t>*Ang-2£^tfX ±^®H : P (epideramal growth factor; 

EGFX h?>Z7 jr—^yPmM^a (transforming growth factor-a; TG 
F-a), TGF-/3 S Jfil/J^fi3fcl*l&ii$iiS^ (platelet-derived endothelial cell 

growth factor; PD-ECGFX jfll/J^fi*±i5ilH^ (platelet-derived growth fa 
ctor; PDGFX IMSfa (tumor necrosis factor-a; TNF- a ) N MflSJg 
^tS^ (hepatocyte growth factor; HGF) N 4 U V^t^H^ (insulin-li 
ke growth factor; IGFX x U ^p^-f (erythropoietin; EPOK =jd~ 

-M^H^ (colony-stimulating factor; CSFX v^D77- i^-CSF (macroph 
age colony-stimulating factor; M-CSFX W$3&l~? 9 P 7 r — i^CSF (granulo 
cyte-macrophage colony-stimulating factor; GM-CSFX -i* — Pi' 3f-> (in 
terleukin; IL) -8, %&Xf~m\M%^Wm% (nitric oxide synthase; NOS 
) ifi^f £>H2> (Klagsbrun, M. and D'Amore, P., A. Annu. Rev. Physiol. 53 
:217-39, 1991; Folkman, J. and Shing, Y., J. Biol. Chem. 267(16): 10931-4 
, 1992; Symes, J. F. and Sniderman, A. D. 3 Curr. Opin. Lipidol. 5(4) :305 
-12, 1994) 0 

*mMlz£^TU£^lk^§i&m&mtLXl±, m^t, aFGF, FGF2, Ang- 
U Ang-2, EGFs TGF-a\ TGF-/?, PD-ECGF. PDGF, TNF- a, HGF^ IGF N EP0 N CSF 
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, M-CSFs GM-CSF, IL-8, 33 J: tfNOSfc £ N £ht>frt>MlRittiZS& 

mmm, iamm&> fr£&ft£i:#&£*u ^ofejams 

Wtte^H^SCL/tal-lttifcbTM^risfcH-^U HIF-ls Id, ETS-1, H0XD 3 
% COUP-TFIU MEF2C &tfn.W%r£.fcM-$t%o ££>£LKLF (Lung kriippel-like f 
actor) SfettdHAMfc^y •y^T-j? hf ft bmm&f&k m Ci*tm&W6t 

fieoX*»fllifcfflV^SJfll«tff^«lt^Ffc Utt> LKLF££t>*dHAND£^tr s TO 
^ ^T^IfflJ5S(Dfi5c,^;^KI-^"f ft t Z ft ©fe¥B^ *SS*T ft 

£ftft (HIM). i©J;-5%®aMt±N Mb^M^^^o^ii 

^l/^;i/(c^^T^bfc^^&»-rftFGF2«^-e^ft (AbrahaiB, J 
.A. et al., 1986, EMBO J. 5: 2523-2528; Moscatelli, D. A. et al., US4994 
559; Baird, A. et al., US5155214; Isner, J. M. US6121246; W097/14307)„ 
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##PJ0jM^£&fc^£:3-- h*-r ^ ^ v t>4 ^(crit 

ofe€>ffi^fenii#(c«(i^v^o u©i9«;|llH(is 00 it if x i»> J$u 
^Jx.Mjfii^jtJfiis Mifiu Wjiifm W&Q&fa «t$Mfe 43*^15* 

mm. ty^ fr-s-^a^sfiSo 

FliMC^^atlMSii:^^ (Morinaga, K. et al., 1987, 
J. Vase. Surg. 5: 719-730; Itoh, H. et al., 1994, Atherosclerosis 110: 
259-270) o 
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rnmm^z (fgf2) t-&Ss co fcfB«®#8u C3D i^«*&#T«&£, c 
&^ co C3D ©v^-rti^tMo^So tfc*^B^©jtifew^Ma-r 

**BJtr5#8U C2DJfeW^ae?**«tt^iaiiafll*H-?2(FGF2)-e»S N c 

CO >^£-r;i/*-efc 3s CO fr£ C3) ©v^ 

s 



WO 02/42481 



PCT/JP01/10323 



16 

C2) A««f^te?«»ilMI*lfflllSJt*H?2 CFGF2] TfjfcS, C ID fcIB*0* 

^-^t?s jtifeWMBt- 5fc»©«fi6«*ji«-rao ±hb 

;fr3r*7^> FX P (***X M (v b »J y**X F (7a-j?g» > HN 
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0n ^^-©insfigsfTdcifc^^So 2^ »«jt#*3- Fossae 

inmate a* e>ft n e Hffr&*&g£ & nx ^ 5 $ * v >> ^ 
**^**-*RNPfcbTW»-r5»£B:N cme>©aef(tti&Bftv>o rnph^ 

££*rRNP2b$Pfcf£ftSo ^©J:a^RNP^«rt{3^X-rShs NSSS> PM6 
iJiWIfilcDi^t i D >>^/^^y A« **tt«>-f;i/ 

v - a & if fc*fc*^#*^**T#A-r set # RfiB-c* 5 o nf*ft 

«^©h7>^7x^$/ 3 >|£^fiJffiT-§5o WAtfs DOTMA (BoehringerX S 
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uperfect (QIAGEN #301305), D0TAP N DOPE^ DOSPER (Boehringer #1811169) ft£ 
tfimfbtiZo. K V-A <■ tc&bs Zun*>%toZ.2>Zt% 
T«£5(Calos, M.P., 1983, Proc. Natl. Acad. Sci. USA 80: 3015) o iMM£ 

^©i«il») ft zfcnmm£KTmm&tcimttt%zt&-c % &<> 

*B*J £#t|& iT 2. £ £ t J; D o z t § £ o £ © J: o \z b TMji £ Hfc 5 J ;i/ 
fc#>* ft^^l^bJ;aft«*^^o^^^;i/^l4^(i^^nftVAo 

;kfrib * sate* t a* «? cRte^* «t v/* & yMfc^w 

Zts loss-of-fMction^M&T"&3;r ^ ££l±^&bT^££ £ft ifT'fco 

«fc b < bW § C i: -Cfc 0H*fck b 

3? £ b < iiFIfiI©3- K*«0-»s «k t) b < 
§^btt^^^-T^5„ #^©F$lK^Mil^*-y;> £D$?£b< 
W 4 7&>fJ A K:* bfcF&fi^©3' RgfiMfrZ);* * - h $/ 

^;HB^l^^e>i3^bTv>5o MiMfr^Mgcft^tf 

=i- U -7^ 1/-A (ORF) ##£-r£i§-&fc& N gM£4#Jl 
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£ (g&&H#tW000/7M55;j3±tm00/70070)o £fcx #!l£fc£x F3tfi?#»lft 

#:fcii*asnfci&±«ijia*ffl^T»aL-r*iii:* , c*5o znzcom&nn* 
Sfc^w^HfctffcWRttfc^o 0»*.tfx iO'f^civ^n-r^w^ 

£}t> «it'K**ffiPrtjlifi?.-f^X.(VSV) <DW>WM. (VSV-6) 
i;fcx *HiB0^5^V'!;>f^^^-li, #Rfc£x :c>^d — 



WO 02/42481 



PCT/JPOl/10323 



20 



MMMm-Z&Z^y^^y (hemagglutinin) tStt t J <i 5 ^ - V— V (neu 
raminidase) m&t(Dm%<D%i&%%t%>ti s , m&Zm%® ; fe&*mti)2>Ztt)S 

£ fc^M (3 « £ ^ 7 * £ v <> >f ^ * - 1 LT (is 7 £ -fe -y- U HJtte 
^ ft KM b * O T" & o T £ V n o $J £ fcfSeV© 7" £ -fe it <J -Jfifc^ © 1 o T* & 5 V 

I?Wa«:<v Tti7^^©?iitc^-r?)SeV©^JItt^|lI^t»T§ (Kat 
o, A. et al., 1997, J. Virol. 71:7266-7272; Kato, A. et al., 1997, EMBO 
J. 16:578-587; Curran, J. et al., W001/04272, EP1067179) o 
fl^^-fcfcsin vivo Sfcttex vivofc^tS^lS^Affi'M llZ^Pt-t 

*mm® t> -ovz^tt-itsf; arm* £ ^ - k <r § 0 ^ 
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atmi^u ^Jx.«x ■fe>^^-f;^^^^-DNA(z^^T^ mw&mw 

Zttm^V^ (Calain P. and Roux L., 1993, J. Virol., 67(8), 4822-4830 
)o ft*$LB*&s VJ^ZCD&mB? (NP, P N Mk Fs HN, ) ©fu 

* <fc v/ s tc &m 5 1 #A-r 5 c fc s § oiu^ojfifsTFo^ms^tf * «t -5 

fTSfeifrs Ml^fflflfelii^lt E-I-SE5U (*k¥H*&E?!I-#& 
E8l-te¥t*IBEai) f;fc&^©g|5#£SiAU #atfc-?0lBK:E-I-SEai*E« 

mMlzX.QmmtZZt&T-gZ (W001/18223) o $Ltc, jtfe^JfACDffigs £«fc 

otatfi^oi&ftoaatEwc «t d §a$5 u a s 0 09* * > *v t 

>f ;1/*cd$V A±o3afe^E«fc*v>Tt±x NPatfi^fcSEv^a:^ J? A£.ftfc® 

s^^x>f ^RNA©5'^{c5evA^ir(©^M^^;i/^©y^A±©?tfe^E^ 

fcEWCB^ L&fe^fcjgVMa-ifK ^A£ftkM?©|g314#fg<&3o ft* 
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&ia^jft2W©{&^fc©fc-r3&£bTs i^O'f^^^-fr&c^ai/ 

o 

M 1 1 5 d £ #T* £ § 0 ^V A ft 3 - K -f * H)KA*®S8lt!llEi***Mfcfc 
ft&»fe^®rJtft#AT-5c:fc#-e££o ^p— ->^1M h(is ULftcftllKil 
*B«iB^lft*rSN ^to8>3v;i/*-*n— KtU*«fcK Sfcx 

Wt*J:^« coi^ft^**^ fcbTfct*JISI±3e:<> SUoifiififif^jftfi^ 

^A^^tUmm^>V^ ^7^( Mz.t£, Hasan, M 
. K. et al., J. Gen. Virol. 78: 2813-2820, 1997 N Kato, A. et al., 1997, 
EMBO J. 16: 578-587&OTu, D. et al., 1997, Genes Cells 2: 457-466©fBfB 

£1\ mS©^*»e^©cDNAJISE^Jft^tfDNAIWftffl5e-rSo DNAsftftfci: 

bOo fells ^*«£-?ft> Notl^ffiftfiJffibT^^^yyAftn-K-rSDN' 
A t $f A 1" S ft $1 o T §8 H§ "T S c g W f S cDNAttaEai © * fcNot IBM 

ME9lIft*flj**«ev^«t'5fcttafflB3?ilfti»*l/x NotIMft^^*bT*< d 
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ntcm^row&motmiSLt u g >n t>4 j^cD^w^mn 

(ex ft&mm (i) Rmmm&mm (s) mmn) <Dnv-%ttmt&tz® 
(3, mmm&mwm®tiLmmvifcwm&m\ (ex ^sra (i) xwie^h 
^e^ij (s) t^mm^(D~^(DMm^tiy^-(^-Mt lt, y*v-vm 

j x-— fey h) ^^1"2>o 

CT^^ 7^-"7-K{IJ^DNAIH^J^ Notlfc <J:S«»r£«IE , r5fc«>fc 5'fHJ 
fcUBS© 2 feLtO* 7 l/^ K (£F£ b < &GCG& «t VGCCft £©NotIBS»M:ft 
#©Eai#^i;ft&^4JI£x Mt»i;b<i±ACTT) fcjKTCU *©3'ffl!lfcNotI 
RttfflffltoggccgcgtfftDU £ e>£*®3' Wi*^— tf-E^Ji: 9^ 

£o ft^O^SiiGt fettCi: & 3 «fc -5 £t&ffiM©cDNAfr fi>ffi25Mm*MlR bT 7 
* 7 - h* tiA&m* U =fDNA©3' © *ig f S d #*F £ b ^ <, 

'J /*-*fl£ji8DNAEaiB:5' » £>ft7t© 2 W±®7 ^l/^h* (#£ b < &G 
CG£ «fc t>*GCC& £©Not ISSISMfc & # ©EB! *»d * ftfc V ^ 4 Mfc J? * b < tt 

actt) £?itRu mwotmm$tiLgcggccgc%muhs sbizzo&toiz. 
&%*mmtz>tzv><DM\ffiK<Di!r u JDNA^ftin-TSo co*-u =jdna©:K£& 

\ NotIS§B6Mfcgcggccgc£^ cDNA©ffiffi$iJME^&jrr£fe>^f 
wt^ts-fev^^-f^^yACE I S££E?!l©-&§b& , 6©te»fc:fc 
S*5fe:**ftftlMH-f (^fc«0>3 l~6©;i/-;i/ (rule of six)j ; Kolakofski 
, D. et al., J. Virol. 72:891-899, 1998; Calain, P. and Roux, L., J. Vir 
ol. 67:4822-4830, 1993; Calain, P. and Roux, L., J. Virol. 67: 4822-4830 
, 1993) 0 ^e>^#A^jt©3 , {PJli3fe>^7^;i/^©SiB^J©ffiMlB^J> 
b < &5' -CTTTCACCCT-3' (E8I« : IX IEflk »S b < tt5* -AAG-3\ EE 
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MOUffimWU SF* b < &5' -TrTTTCTTACTACGG-3' (IBWf : 2X 

©3' «fc3fa©cDNABW©»±3 K >fr &%^ftitTiKl25«£ffiSCDffiMM®ft 

PCRfcfc, mtts ExTaqtflM^-if (Sffijg) *^3»#©£$S*ffl^SC 
■fctf-C&So »*b<ttVentsHU^7— K (NEB) ±|i|gbfc@lft»T 
frttNotl-TffifliUfc^ T^^U K^^^-pBluescriptOMotI«BJttti#Ar*. 
W 6 ti£PCRjg'tJ©^SlB?!j £ * x >^-xmm L/siE b ^fE?'J© 7*7 h* 
^JltR-fSo £©7*7*5. K^^^A^fM-^NotlT'^UDmbs y^AcDNAS^tf 
K©NotIMt^D-->^-T?>o Jfc777^ K^^^-pBluescrip 

&T#IS$-r£c:fc#"C#3 (Kato, A. et al., EMBO J. 16: 578-598, 1997, Ha 
san, M.K. et al. J. Gen. Virol. 78: 2813-2820, 1997; Yu, D. et al., Gene 
s Cells 2 : 457-466, 1997; Li, H. 0. et al.., J. Virology 74, 6564-6569, 2 
00Q)o £fNot»£M££«18bp©*^-- fr-EEl (5'-(G)-CGGCC 
GCAGATCTTCACG-3' ) (EBJ#5 : 3) £s £ d-~ >^£tifc^>^ 
y AcDNA (pSeV(+)) © U -^-IBEJfcN-* >;^f|£zi- F-rSE^J©5'*«i: 
©HoBSBtfi^fttaUU r;i/*Jfr&£>Ol';*©T>'7-£VAgi (antigeno 
mic strand) £$©gBH8lV Jj?1f-f AgPtt^^tf^^ $ KpSeV18 + b(+)£f#S 
(Hasan, M. K. et al., 1997, J. General Virology 78: 2813-2820) o pSeV18 + 

b(+)©Noti«t^?t^»fM-^#Ab. Hfa©^*«fi^*«fi»a*nfc« 
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©s gfE'***— ®£V A£n — K-rSDNA©ffiffltK"f So DNA 

6539-f; SHft&IB97/16538-^; Durbin, A.P. et al., 1997, Virology 235: 323 
-332; Whelan, S.P. et al., 1995, Proc. Natl. Acad. Sci. USA 92: 8388-839 
2; Schnell. M.J. et al., 1994, EMBO J. 13: 4195-4203; Eadecke, F. et al. 
, 1995, EMBO J. 14: 5773-5784; Lawson, N.D. et al., Proc. Natl. Acad. Sc 
i. USA 92: 4477-4481; Garcin, D. et al., 1995, EMBO J. 14: 6087-6094; Ka 
to, A. et al., 1996, Genes Cells 1: 569-579; Baron, M.D. and Barrett, T. 
, 1997, J. Virol. 71: 1265-1271; Bridgen, A. and Elliott, R.M., 1996, Pr 
oc. Natl. Acad. Sci. USA 93: 15400-15404) o cn£>©:£&fc<fc *K >7 

SDNAfr Uffif&Z ^ZZttt-CZZo ^;i/*^#-DNAfc£^Tv fahs^ 

ttflsco -)Y;^0x>^D-7iai^n- Ftl fcfc^fc if^SiJ^s lAbfg 
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©£bTiis a^©h5>^7x^->a>tt*i«jpJffl-e*S. DOTMA 
(BoehringerX Superfect (QIAGEN #301305). D0TAP. DOPE. DOSPER (Boehring 
er #1811169) fc£f#W£*l£o <Dfc l/tttm«0 >tt*;b^«>AftfflV>fc h 
7 >7 7 1 * >> a >&;6>W 6 ft. «fc o THJSrtfc Ac feDMAtt* 

DStcmOjittl?)^ &ft£b+ftte*<DMk&XZZt1fitoe>nx^Z (Graha 
m, F.L. and Van Der Eb, J., 1973, Virology 52: 456; Wigler, M. and Silve 
rstein, S., 1977, Cell 11: 223) 0 Chenj3,tt>*0kayaina(i: r 5 >X7 y—&ffi(D 
HftSWtU 1) iSS^SWC-f >^a^-^>3 2-4% C0 2 

\ 35°C. 15~24Bm 2) DNAttKMttJ: D * 3) M« 

*®DNA$ftKj&* 20~30//g/mlCD^§«5i^M* s f#^nSi:|g^bTVNS (Chen 
, C. and Okayama, H., 1987, Mol. Cell. Biol. 7: 2745) 0 ®<Dfim±, 
^h7>77x^^3>Cll / t^5, £ < &DEAE-X** h 5 > (Sigma #D-98 
85 M.W. 5X10 5 ) S«*BfSlCDDNA«JftJfeii»bs h7>7s7x?$/3>£fr 
97j^^ftI^nTVNSo <t±x> FV-A©4"f^tltbt^fe 

#K «£]g&§fctoSC7DD*>£jD;i£;ih&T*£3 (Calos, M.P., 1983, 
Proc. Natl. Acad. Sci. USA 80: 3015)o®©7j&&*^?L&fcnmftS7j& 

>t£l£fr*3lbT^So #?j8fc:t± Superfect Transfection Reagent (QIAGEN, Cat 
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No. 301305X Sfeli DOSPER Liposomal Transfection Reagent (Boehringer M 
annheim, Cat No. 1811169) tfm^tlZft^ ^foh fc|g££ftfc^o 
cDNAfr f> <Dnmffl&%#$}£ &&© cfc 5 bT*T9 £ £ £ § 0 

^M(FCS)43J;t>*fn;*W(100 units/ml ^-^ U >G£ «fctflOO>ug/il 7 h 

2&70~80%3>:7;i/x> 3 U 08 l/zg/ml psoralen (V5 

i/ » ovw»M*2o^ftiai-c^«ft bfes T7# »; *7-n*f&m?zm 

frfikXyPis— ;i/^vTF7-3 (Fuerst, T.R. et al., Proc. Natl. Acad. S 
ci. USA 83: 8122-8126, 1986s Kato, A. et al., Genes Cells 1: 569-579, 19 
96) £2 FFU/ttlST?*»;*#3o V7l/>©«6D**J:imjTO«flBl36»3il«i» 
■fSClil^T-tSo tt$H$H& 2~60/zg N «kD#gib<B:3~5#g0±S3©iifl 

^x.-fe>^ e^^^cDNA^, ±H2>^>>^;^yyA©»« h 

^>^lcftffl-r5^^;i/X^>^^K^^-r§r^^^ b* (24-0.5/zg©pGEM- 
12-0.25/ig©pGEM-P, :fcJ:tf24-O.5#g0pGEM-k J: DJffjJ b < &0fl;U£l#g 
©pGEM-Ns 0.5/zg©pGEM-Ps ^<tt>*l^g©pGEM-L) (Kato, A. et al., Genes Ce 
lis 1: 569-579, 1996) ^^(iSuperfect (QIAGENth) Wc'Jl7x^a> 

asset & h7>^7i^a>tSo h7>^7x^^3>*ffofe«njaH:N 

ffiHfc<t D100/zg/ml©>; 7?>^» (Sigma) MJ' h ^>75 ^> K (Ar 
aCX «t b < fc*40//g/ml©^ h ^>>T^ try K (AraC) (Sigma) ©fr£^ 

«>^;^©igiR**g^fc:-rSJ:-5t^J©gjg«g*^-rs- (Kato, A. et 
al., 1996, Genes Cells l: 569-579) 0 r 7 a >*>e>48~72^^g 
ft«fiH»N «^ElRbs ^®!fi?*3|II^t)igbTtt$»bfem> LLC-MK 
2»fc h7>77x7^3>bTt§*-T2.oi§#3~7 B&fc*ililS&[I]JK"r* 
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h 7 7 x * S/ a > ffttf «fc 3; fc> h7^7i^i/a >£tr -3 
x >^D -7°^ £3831?* £LLC-MK2«£fiS LZ^mtZZ ttio 

T ^iM ( ® Pg&H^ W000/70055 £ 
J- t5W000/70070#^)o ig#±?f tC^^tl5e7^;V^*lfi^#Jfil^^rSt4(HA) 
^SiJ^-f 6 £ £ «t D ^1" ^^t^t'^So HAfct Tendo-point j (Kato 
, A. et al., 1996, Genes Cells 1: 569-579; Yonemitsu, Y. & Kaneda, Y., H 
emaggulutinating virus of Japan- liposome-mediated gene delivery to vascu 
lar cells. Ed. by Baker AH. Molecular Biology of Vascular Diseases. Meth 
od in Molecular Medicine: Humana Press: pp. 295-306, 1999) «fc *)$kfcir £ 
ih^#5o SAbH?.7 & *s=-Tt> << ;i/^vTF7-3^|^*-r Sfc&ts »$>*l 

{i-80°CT»^#-r 3 C *»-e * 5 o 

2#-®w&i5mmK.^&znx^% («t».a e>ii,(i993), r^^^o^ 

hn-MII, WttllWj , J¥£*±> *R. pp.153-172)o 
JWtttJfctts WAt^ SM»Wft*««K:An9MZBIH 37~38°CT-igil U H£ 
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A, ^^;«iirD M-^j , 7*#\ ^#;i/tfn.-*t, pp.68 

-73,(1995)) 0 tfes ^«^^F^-fe>^^^;^©Aft40t(^ hij7- 
^>>ffiftt©» (#R{fLLCMK2&£) #$?£b^o 

aWT^uh^^l. (BKIi#-t WO00/70055 W000/70070#bb) o 
1 . Mfefii«F^^t>^ AcDNAO^ 

-fe>#V>M;i/* (SeV) CD^ft^/V AcDNA N pSeV18 + b( + ) (Hasan, M. K. et 
al., J. Gen. Virol. 78, 2813-2820, 1997) (r P SeV18 + b(+)j & r pSeV18\j t 
•fe^-5) ^SphI/KpnITvi<bUT7^^p<> h (14673bp) ^0lRU pUC18t^o 
-^>^U77^ ^ FpUC18/KS^rSoF^a«0^ttCl(Z)pUC18/KS±-efT 
9 o F«fK^©^}I&PCR-^ a >£&©»£t>«fT&l\ feSfc bT 
Fjftfe^CQBF (ATG-TGA=1698bp) ^^Tatgcatgccggcagatga : 4) 

T«£U F^MSeV^VAcDNA (pSeV18VAF) *m$ktZ>o ?Cmt bTfciu 
F©±^^(iforward: 5' -gttgagtactgcaagagc (i2^!J#-^ : 5 ) N reverse: 5'-tt 
tgccggcatgcatgtttcccaaggggagagttttgcaacc (iS^J#-^ : 6 ) s Fjtfs^^T^^ 
teforward: 5' -atgcatgccggcagatga (IB^llH^ : 7 X reverse: 5' -tgggtgaatga 
gagaatcagc (IB3Wt : 8) ©77^-^^, t#£>tifePCRjitj£EcoT22I 
-ejg^-rSo iOiaciT^^nfer?^^ K£SacIi:Sairaj|ftjbTsF&». 
fBKftS^ttflmcWM" (4931bp) £H|JKbTpUC18£* d-->^U pUC18/dFS 
Si:-rSo CCDpUC18/dFSS^DraIII-e^bbT»fM-^iaiKU pSeV18 + ©F?Ifc^£ 
^M^©DraIIIiTM-^m§m^s 7^^>3>bT7*7^^ HpSeV18 + /AF . 

^©^(iF^fs^CEISlH^J (SeV#^^IE?!Js E; end, I; intergenic 
, S; start) tm&Ls T^©Fjtfc?©0RF&|&frftT^3 &©<?X Z.(DmtL(D 
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Fae^ ©^aift*^©^**^ ©#M±%puci8/dFss©F ^^c* s$a 

PI^ Nsil *«fctf NgoMIV flMftSfcEI/BbTfrS. £®fctf>ty: s «*K^*ai 
fe^WJtftHaiI-taild^^v-*J;rnigc«IV-tailedr5^T-TfJill1-Jitt 

08itttlllBt:EGFP»^?*#«bfccDNA (pSeV187AF-GFP) £#£-rs»£fc 
fcj\ £rEGFP»e^©PCRfc«fc So EGFPJt^»fH-OffiS»*60f& 

Hi (Hausmann, S. et al., RNA 2, 1033-1045, 1996) 3 5'*TO 

Nsi-tailed7°7-f v— (5' -atgcatatggtgatgcggttttggcagtac/|B?iJ1|-t : 9 )> 3 
' 5fcS8t±NgoMIV-tailed7 , 7 -f ^—(5' -tgccggctattattacttgtacagctcgtc/iE?0# 
•t : 10) £ffl^TPCR£*T9o PCRHtl ; £W^MsiIi:NgoMIVT'ii'fbbT^;i/ 
fr£^fr£[I|lKbsPUC18/<iFSS0F£&W 

EJRU pSeV18 + ©F3lfE^^tf«©DraIIItfM-i:S^^s 5-ry-*>3> 
UTpSeV187AF-GFP£&£o 

lMfe¥0M0te*^©ft#»e^©#Afci\ pSeV18VAF^^{±pSeV18VAF- 
GFPCffillRBlSKHotlCDBBIfflttS^JfflbTfjao fc£U pSeV187AF®lg-&fciu 

pSeV187AF-GFP£SalI fcNhen?*8fc UrF*«»ffift^tt*«0»fM- (6288bp 
) &0JKU Litmus38 (New England Biolabs, Beverly, MA) t^D-->^U 
N LitmusSalINheIfrg/AF-GFPi:-rSo &S£*fcF*te?±*©EISE*J££&E 
GFPjtls^O^a^ Inverse PCR&fcJ; D*t&5 . "Tfcfc-fe. Gf?MB^±^mm 
ffJUSexAIOBIMB^Jft^lfW > bfc reverse 7° 7^ t— (5' -gtttaccaggtggagag 
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ttttgcaaccaagcac/IB?iJ#^ : 11) kffPJftfi^ T*TfffiIIS»*SexAIOiK»iB 
^xif-f >bfeforward7"7^TT— (5'- ctttcacctggtacaagcacagatcatggatgg 
/IB»-#: 1 2) T?PCR&fr&t\ @ft©*£2©ll?rtf- (10855 bp) S^ODHlb 

FP?tf£?£&&£-fr£o 

fcfc'U d©tl£\ 75 4^—5^ >±CDSexAHlJ^SnfelB^J15bp*s^t 
#A£ft-0^o ^<IT\ 7*7^^ KfcAJISSCSllOftfc: h7>^7^— Alt 
Mb (SexAl«^^;Wb©^#^^^MtB*^ < &§©T*dcm7dam-©SCS110 
4*£#Jffi-r£X $iJPI^mSexAlf^b^s 1628bp&t>*9219bp© 2 KJt 
£@lKbT^^-i/3>£tr&V\ &#&15 bp£&££-tN eoiSiSCT'Fjtfc^ 
±^EISE^J^^tfEGFP?tfe^^^^^-frfeLitmusSalINheIfrg/AF (A5aa) £ 
ilii-rSo £©7°^7U K^SallWNhel-er^bbTiTM-^lIllRU pSeV18 + ©F 
?tfE : ?^^tf»©SalI/NheIifM-i:tt^x.> 7-f^>a>bt^^^ h'p 
SeV18VAF (A5aa) £t#5o 

^NotI©ggi$IE#J£fiJffl bTff 

2 . hFGF2*tfc^f8F&£S-te b4)WfS AcDNA©^ 

th<D FGF2 (hFGF2) cDNA£>SW# 5 #s Ji^#A 

©7*£f#T*£&bfcfc hA^M* i e»Mibfclfli < i¥?fi5«J; DRT-PCRfc. 
TcDNA£#$£U pBluescriptSKH- (Stratagene, La Jolla, CA) ©Hindlll (5' 
*^)s EcoRI (3'«) £1t:/7D-->7'bTM«-£#T»£6o 
s hFGF2 cDNA©3tfE^IH^J(±Abraham^©#^ (Abraham, J. A. et al., EMBO J. 
5 (10), 2523-2528 , 1986) %&m?ZZttf-e% Zo 

fc£ N hFGF23H£^®3' 4HM fcSeV4#HttB8l (EISIE^U) £fi1)D UTiiJgtNotlBB 
E5!Ift*1-*77^> h*B»fntf J:V^*#Wfcttx ±S3 hFGF2 cDNA£^ 
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miz bt> fMPaZi K >^tfN*SgffiiJ7 , 7>r (5 5 -atccgcggccgccaaagttcactt 
atggcagccgggagcatcaccacgctgcccgccttgcccgaggatggcggcagcggcgcc/ta^iJS-^- : 
1 3) jsJLtf&Jt? K>^#fcEISK^Jfc£^ftC*^:/^v-- (5'-atccgcg 
gccgcgatgaactttcaccctaagtttttcttactacggtcagctcttagcagacattggaagaaaaagtat 
agc/E^J#^ : 1 4) £ffl^TPCR£*T&V\ NotI$Hbfl^ pBluescriptSK+ (St 
ratagene, La Jo 11a, CA) ©Not iMfc d-~ >^/bTpBS-hFGF2^«f 
£. 0 i£ttl3?U£filiSU If^tife^fe^t^^^^tis 0ij;tfc£s QuickCha 
nge™ Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA) bT 
IiUztm®1smz.i$.?TB&}<DmmfcmiEtZ>o pBS-hFGF2£NotI-£$Hb^ hF 
GF2 cDNA£^t?®Tit£pSeV187AF (A5aa) ©NP^fc^imcftStSNotlgMiE 
icjf AU mnMfcTmmik&m* t>4)\s7s>f; AcDNA pSeV18 + hFGF2/ 
AF (A5aa) *MWit%o pSeV18 + hFGF2/AF (A5aa) B\ ^pSeV18 + hFGF2/AF 

3. F^r^^^ vomm 

J zy?4^4)\s7,OT&fc=$- (SeV-F) (DftMUt, Cre DNAU zi 

bMte?m^*mmmm$nz> & ? izm§t$titz7'7 z $ kpcalncilw (cre/ioxp 

mmm%m7?Z$ K ; Arai, T. et al., J. Virol. 72(2), 1115-1121, 1998 
) *mmt&z£Wg& 0 pUC18/KS£StyI&t>*BstUIT^bU SeV-Fji{£^£ 
(1783bp) £tU!3mU pCALNdLw©^-^ t>^ hSw 

algMSMAU ?%M7°7Z$. FpCALNdLw/F^^-r^o. 

4. SeV-F®a^^#^51-rS^;i/^-|ffl!aoft^ 

F^iy J A 5) t> 4 %> tz tfk SeV-F® &*%MtZ>^ 

n-wm*.*m±tz>o Wis mnzsevcDmniz&<m^iix^z>v)iwm 

fi*«ftLLC-MK2«^MV^^^^t§So LLC-MK2«fciu lfl%©«IL 

(FBSX i-* U >G^- h U <j? A 50i)Mii/ml£ cfctf* hl^7° 
h^-f^> 50//g/ml^WbfcMEM-?r37U 5%C0 2 T-i£Si-f So Cre DNA U 33 > tf 
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LNdLw/F^U y^fiJlsi/^kfe (Mammalian Transfection Kit; Stratagene, La 

joiia, ca) CctDs mmcorn h^-Mm^xLic-mzmM^MB^mxt^ 

o 

gfomz&s $Ix.fc£s 10cm7V-p£ffl^s 40%3 >7;i/X> h S^fUfcL 
LC-MK2^fiatl0//g©7-7^^ KpCALNdLw/F£#A^ 10ml©10% FBS£^trMEM 
igttCTx 37°C©5%C0 2 ^ >^a^-^-^T-24fI#F^*-r§o 24HfF^(3« 
£&#U lOmltSifttSi^iU 10cnr>^-l/5$£ffll\ 0iJ;U;f5ml 2ml 
2tSc> 0.2ml 2#fcif££ N G418 (Gibco-BRL, Rockville, MD) *1200//g/ml^tfl 

omi©io% m%<gtsMmmfcx%m%ft k 2Bm^m%.Wk\stzi$h, ua 
m& ft?* tmm& tn-->yv>y*M^rmz. mow & nurr 3 <> & ? u - 

> (ilOcmT" U-htn>7jH>h(;ft§ g; T'fe £ o 

W£"ferfc^ ^-f ^^AxCANCre^^S^cD^^ (Saito et aL, Nucl. Ac 

ids Res. 23, 3816-3821, 1995; Arai, T. et al., J. Virol. 72(2), 1115-112 
1, 1998) moi=3 T"«£#T*T9 » »3B£H;:, iW&©ig«±?i£3£D 

B^tc&s wmmmx«2\B\$GWu u-^-x-mmzmttu i5oox g -r-5 
frmm>b\sMm*wut%o mmmit-sovx^Ls mmmsouionmrnm 

IZMMV^ M{c|SJg©2xTris-SDS-BME sample loading buffer (0.625M Tris ( 
pH 6.8), 5% SDS, 25% 2-ME, 50% glycerol, 0.025% BPB, OwlttM) ZMtLs 98 

°czfrmi)nmmm'&, nufammumizmtZo mum (w-y^t^ ixio s 
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fclfiSeV-FtW* (f236) £l/1000#fltt?JBV\ n->©SeV-F0»3R&*£* 

d©£ 5 &#&T-> SeV-r*fe?««*|»»«at«II.C-MK2iiB0f^m*«»B 
£ft£o Kg, SeV-F«fi?B*IBai}©tt«Uia*IXC-MK2/Fi:*jBbN 
&OJRHJB £LLC-MK2/F/Ad *f3f S o 

££#T-§5o 0iJ;Lfc£s ±13 hFGF2»fc^&«F&fc§Hz>^ e^K*^ Ac. 
DNA (pSeV18 + hFGF2/AF) £ffl^5*|-&fci\ £©cDNA£J^T© «fc-5 £ UTLLC-MK2 
«Ch7^7i^3>tSo LLC-MK2 «g£ 5x10" cells/dish ^ifigl 
Oci ©^hUim^W^s 24fifH^#gN V51/>i:ft»j|*^B (365nm) T'20 

(Fuerst, T.R. et al., Proc. Natl. Acad. Sci. USA 83, 8122-8126, 1986)t 
gffiT?lB#BJ8$fe£"&£ (moi=2~3 s im^tmoi=2tm^'on^)o V>7*/-T 
)lZ^<Dmftmm%£.&s m%.m5Vv VW75*#&ffi£tl1i UV Strat 
alinker 2400 (ft#D7*#^ 400676 (100V), Stratagene, La Jolla, CA, USA 
) £ffil/>So W2 0Mlts 7*7 ;U F pSeV18 + hFGF2/AF N pGEM/NF\ pG 
EM/P> pGEM/L (Kato, A. et al., Genes Cells 1, 569-579, 1996) £<fcV pGEM 
/F-HN (WOOO/70070) ^M^YLfig, 4#gs 2 jug, Aug *«kV4/zg/dish ©S 
Jt1?0ptiMEM (GIBC0) CSjBU SuperFect transfection reagent (l#g DNA/5 
//l © SuperFect, QIAGEN) ZXftXM&Ls £&-C15£Bftft& S»Wfc3 
%FBS£^fr0ptiMEM 3ml$zAtl> IBIJiat»JinUT«*r5« 3~5B#F^J§«^ JO 
BS&JfiL$R££*fc^MEH T*2®&&U ^> r e/>/?-D-T5 tT7 75; >> K 40/zg 
/ml (AraC x Sigma) $&T$ h V y>> 7.5#g/ml (GIBC0) &£# x 
^MEM7?24«fBmiir5o 
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m*±m * fa §s ±131? 7P-->7*b fcFISSWW ^ -i«LLC-MK2/F/Ad« 
SSJTTSo a#Wfctt]fitij|fc£3:&^lfflM (40#g/il AraCs 7.5#g/il h U 7° 
*»£^*r) £#&bfcLLC-MK2/F/AdiH]fl&£s tg«±^^I^V>feiI]|StcfflM 4 

iMEM CISb (10 7 cells/ ml), a«gllWP* 3 0*OfiUff ^« Z<D?j*-Y 
^LLC-MK2/F/Ad|fflflS (4xl0 6 cells /well 12-well-plate) tzfttt (200//l/wel 
IX ^e > fc300 / al/well©lfil?i*^*^V^MEM(40>ag/ml AraC, 7.5#g/il h U 7* 
^>£^tr) »#QU 15~24«*g||fSo *&«±i*£lfc^ Jfiti*££ii&VM! 
EMT'&^s frfc&M^ic&^MEM (40/zg/ml AraC, 7.5//g/ml HJ7i/> 
*^tf) £»U 5-9BHI«*4fiVN±»*IilJR"r5o 0iRLfe±«(c{±ll^ 
J*SftfeF&£SSeVlfc^##3;ft't:i3DN LLC-MK2/F/Ad|fflflS^«b, muko 
izskm^t^mi (40 > ag/ml AraC s 7.5/zg/ml h'j7*^>£^tf) T'tg#£ 

o 

ft t)^b2[slil-rc i;T*sS«I^OT7 RNA*' U p< 5— if O^Sfcjfilffl bfc U n > 

2HIJW±AraC*^jfil^ fc^S&^MEM (40/zg/ml AraCs 7.5/ig/ml h U 7° 
S/>**tf) 1?*f"libfc^*±$i (P2«©it>7;i/) (3OV^0.22//mCD7^;i/ 
*-iz.2®m U MfcHgApaC4^r»Jfll»*$*ftlr^MEM (40/zg/nl AraC N 7.5#g 
/ml h'J^»ft*U) 1?Jt*bfe«#±ai*s >;=J>tf^>hy7^-T>i7^ 
;i/7 (DUX * MM Lrmm b tz F ^^SeV £: bTffc t) © ? ft S . 

>^D-7^f5^M^5 2 a©^7 ^-4(1 Kmmtmxttiiz, zti^nx 
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tltts * ft *ft® X > ^ D - T'jtfE^M £ <f )V 7 ^ £ * -(OU^J] £ *g *P 

c ft & o -i )ix i±MMft?%!W.£n&!&m<Dmfttii s mw-z& z zti? 
tLxm^o ftmm sttfi? & $ v ^ r ^ f ;i/ x *< z * - % mmt n a 
^^^-comB^m^cDmmthrit, w&&±£zz&&&mk mm (e 

x vivo) ft#fc<fc5£fc^&Si©^f^ft0£ffifc£oT*K MMWt'l 

■raafi : F7?»nK«fS:«iiRtt3&:<N 56**3- KrsttRfcin*^ 
ifiiWff^ * ttsj-r sae? cd ^ > ^-fe $ & a u =w a & ir® * t * k * 

bfe^ 7 ^ * v £ -f ttKER m t & 5 «t -5 HMH-r 5 c £ #T S 5 
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fflV>*2T* (#&BB62-30752-3&SiL ^^Bg62-33879^fg N -43^15^^8362-3 
(W097/32010) SEfcflfijVrSi fc#7?#£ 0 

t-hmz.n^-?z>z.h imtitt & ?K ^ ^ ^ - «t s A * 3t tc fc Pig 

u ymmsm&mk (pbs) 3&«ati:^bTiia«*i:t*acfc* , -ff*So * 

its, £©2f»t± N HtII«litSf;WJ:l/T$It$So & 

c**u ^#©#^^(3«nm^^v^ct^(cjijfliii^tfe(i^©iijafc^FjfS 
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J frx^t ? -^mM^ZMskMUft£tz\±%(Dftfrbm vivotr&^U^ 
Mfcl : -*j&mmT:%Mg^2>zt]<z& QmMT&zt&ZgZo &tc, ex viv 
o£ c fc£&#£fi 1 oT4>ckUo#!l;Lfc^ MmttiSimtt^-YtZ^ztV'} 

■feWR®^ $ — (Jorgensen, B. et al., Lancet 1(8647):1 

106-8, 1989; Wolinsky, H. and Thung, S. N., J. Am. Coll. Cardiol. 15(2): 
475-81, 1990; W093/00051; W093/00052) o £tlb(D&-$lZ&V^Xl±s t FD^l/ 
£3 — h Lfz^)l— (Takeshita, S. et al., Lab. Inv 

est. 75(4);487-501, 1996) 0 

WVMMmiz&tirZ^izti^Ttes ftlzmfaft (intramuscular; IM) -n©^ 
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&tZ>Ztmnt>tlZ^Z7"¥^J]-( > (bupivacaine) mu^ti^o £fc 
, J&T ( intradermal ; ID) &-^&3I*RU#So 151*1^©^ ^—©^AfcJu $lx. 

its m^mizmxt^m j pmjk\,rM^mxt^i5m^mf^n^o 

W#3 0 £fc* «:#t±l|ll*fetta»|alfT"5cii:**-e§So 

©^-R#W*£?383lT?»£ftWS:P5V ^;1^^*-«©DNA©3M 
tflfefcfcHf (Ochida, T. et al., Nature Medicine 5, 707-710, 

1999) 0 *%W<D*?<<)\'X'<?*-&, Z(D&$teMM£&&$K2>Zt&nim 
Utt^jftRrtfetffeSo *fe«3SS&*ft*3§lf 5fe»fc*^>flgJtft* 

®# Rlife&'J^ h U y Z *T-& o T *x 18Ggft©a*r«-C J: D SJWBBfcS 

s Jfli«4>©fi?«lll*IH#ft<> #>J£fc£s 7BW±7?»*. ii^s 10BJ£Ltfcfi*f# 
ffi*j&**C£3fc*££ftT^3 (#HW 10-001440) o *©fc»s ®ffl<D&-$® 
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ti^tltt^i^ ^Jx.(i\ lSg3mmWT (#iJ;t«x 0.1~3mm). ^^30mmW 
T (0!]£fc£s 0.5~30min) s b < (il4G^T©^tfT^#RTti^ifigl.3iiiinJM 
T ($J;U;fs 0.1M.2mm)s S^^20mmWT (tfiJJtfcfx 0.5~20mm\ ^e,^$L/ 
<(iag0.1~lmm, S£l~20milIjSr£&tK RteWtb^o tfes »h'J 
v 0 ZT*mi&£titz&mM<Dnm&, SAftglmmOT (01*. 0.1#in~lmfg 
JSX »£b<&150/zmOT (01*. «x 0.5~100/zm*MK #£>fc#S b< ttlM 

aS^Jt&i^T&s MZits 40mg^Ts $ b < (il~25mgSS^&5®^^^ 

o 

4*5 J; V/* fe ttjfo«3&fi8*ffijir S * JittftfcfBIIBttfc v^0ij* tf ±fla 
. (D£olz s aFGFs FGF2 (bFGF) s VEGF N Ang (Ang-l:fc £t>*Ang-2£^;£fX EGF N TG 
F-a\ TGF-/?. PD-ECGF, PDGF, TNF-cr N HGF, IGF. EP0 N CSF N M-CSF N GM-CSF, I 
L-8s NOS ftir*3-Ift«lfiftf»tf6ilS. dft&CDfltejtfctts Ztl^h 

^ ve?>r D»Af5jfii^*f4aie- : ?o»a3S5-fi«fcbT> #(cfgf2^=i 

-Pm^tfW^ftS, FGF2(is «*K3Sltt*JfllCD?&*^0JtEiffl38l»»i^* 

FGF2&, (Yanagisawa-Miwa, A 

. et al., Science 257(5075): 1401-3, 1992) c m&Wl±frWm&^ jK&Ks 
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if f)ti5o *569i©^^^-a#0»*i:ftSriljfli*Jft«:tt N MilflJfiifiA 
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m^X'^muu^cosk^m^m^^mmo ^mt^u^ovj tit, 

\±m2im±, J: * l < i±®io{&u±, £ b < i±m2oim±(D%mtpm 
\y ^ b x $k® % n %> ^ ^ T- & ^ o 

o^— ifV^^^U^^-^a^^RT-PCR^^.tS^mtt in situ T^^V^f 
P$ N RIAs ELISA N 7°;i/^e7>T>y-fe^^^J;Dffacii:^^So g;fcs 

^i-^mmmm^n^ ttst^ ass * £ ® a h k # ^&ttj&n b t d , 

(CAT), 7;^'J^77^-^ (GFP) 

MB^izk^mftztPs MMmx&ftim&&feT%ztt?-Rsmx&z>o 

b<(±s &#-f 3^ *-g&|<J10 5 cell-infectious units (CIU)/mlfr£IW 
'CIU/mlOtEBrt'rifcSfcJ;^,, <fcD$F3;b<fck 3^*©fi&$WCI 
Wfrbmi0 s CW/ml(Dt(fomftXfo%>t£^ o i^b<fc |t]lxl0 8 CIU/ml 
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*p &»5x 10 8 CIU/BlO$5H^6Dfi*H^±ifBqrtl*ffl*«f7?ft4-r § £ 

7'^> t!V^ «>*X ^*&£±T©ifi3Uft*#£*ft3. 

b pfcfcW-SiS-Mfcfcs Sifts a-Wttlfiffifcofc 2xl0 8 CIU~ 2xl0 1D C 
IUOl6H7?*Sci:*»»*U< N iD^KIi 2xl0 9 CIU ^^iilfe^ 
m« 5X10 8 CIU- lxlO 10 CIUfc£-Cfc3o S4lHlj&tts 

±ss^rt6«ciJf^ffl©9Sffl-e««isiqriB-r*t)x i H©s#ifli»fc-Pv>T*>ii5# 

B2fci\ &&J*Jfiifc:#-5ffi* (£) fcilMSS (£) T»©l*)0ttVEGF (H) * 
<fcOTGF2 (G) ©fgS^^'TiaTfeSo C57BL/6Ti>X04'^«kt5jt^Jfil ; E5 :r 
^fcfflOfco *»2B«fc^^Kfflf*«fcV»»» (n=6) £<fc"0<M (n=6) 

&m n=12)o ¥*S©tt*|gK:^bfeo *p<0.01 s #p<0.05 (-^IMBHJWMrfcJ; 
5ilf)o 

K3Bu JiJfllfc«t5VEGF0«aoil^SET-PCR*fflV>Ti8^fefii* : &^-r¥* 
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AM&frtiS^-C* pCMV-luc (100/zg) SeV-luc (10 7 p 

fu 10 8 pfu) &#££5;^7x7-HfM&£H^fc (£). fc^^tt 

*^fo 6^ : C57BL/6v>^-s©pCMV-luc (100#g) : C57BL/6V 

<i7*^£>SeV-luc (10 8 pfu) it^ArBALB/c nu/nuv>X^(7)SeV-luc (10 

8 pfu) *VM»t±«A*e^«Stf**i:«5S*y (cut-off) ft& 
^•fo ^77i:^)s aite^lBSCDl/^ttPI^^-^^fflv^T^So log7>!r 

B5fcJu in vitro fc*ttSlfottff£»ej[0#i&* N t hWMftjMSS ( 
HUVECX C0S7« S **stoW¥mBmj& (BSMC) S £ «fc (H9C2) 
^XMfeLfz1fem%mtm~e$>%o 9-;i/ftifctfJ (basal release)j ^7 

^MAfb^7 (cut-off) mtlstmbtzo 

El 6 C57BL/6Te7^©4>S©/SlfilKt^*^^^AbfcFGF2 (a) ££t>*V 
EGF (b) «fc^©$54> (£) ££?Mff (£) T*©in vivo©^S§^-TI2It:^ 

tco #«2B«t±^Ji«*J:V»'PHB (n=6) (n=6) ^ 

77FGF2 (a) N v- tft hVEGF (b) ©ELISAfc£t Lfco mtZil 

It^bfe. log*^—;i/-c&3c:i:fc:$i3So 

I3 7tts 5tfe : ?#AtJ;§p , gHttv*^^VEGF©^ti^^^-rigT^-5o 
&b (£X if JKJBttJfiK («f*X «£VS&dUfiL (£) ©C57BL/6^>>^©K^*{3 

*AOT#a*J;VjfiiJ» (=g-n=6^ ^gBT n=12) fcSORU ^*VEGF© ELISA 
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EK^bfco *P<0.01, #p<0.05 (-7mmfrmfrtirfc£2>Mffi)o 

m 8 j± N m^mxic ^^^^mm^mm^mtwrnn^^o C57BL/6 t> 

n-^tco (£±; ^AJflL (no ishemia)) fcjfc^ " fli»fc#ffitt*»:13 

W7hD-Yjfflfi0i?I«# (SeV-luc if erase; mock) (£±) 

GF1654ag»&T!«jfc3ftfc (£T; VEGF165) 0 utl^II^ FGF2»fc^#A 
fc<tD«lfJ*nfe (£T; FGF2) 0 £r#fc*6ffl#£/m,\ l^«OfeJR*»fe 0 ^ 
vh^>'J>- x*S/>jfefi 0 # U Pi-M^Hf x200 o 

7 (limb salvage score; LSS) £^bfeo ±gttC57BL/6 ^^©M^EJSiJfiL^x 
;i/ IMt&^rJl (limb salvage model)] t$lt§Hiflt)«MSito VEG 
F165**ALfev£;*tt±RjMB?£ (**JbH*;iO Ufe^ ^>7i7-ifO 
MM (£±;s*;i/) :fe<fctfFGF2fl!i3v£;* (£±/i*;i/) fcfc$tJK£ftfc 0 TiS&B 
ALB/c nu/nuv>^Ofi^jj|i6l ; E'7 :r ;V [TMI^rJl' (auto-amputation model 

;i/) ;i/^>7^^-HfO^ (^T^^;i/) *«fctfVEGF165«!iSv«>^ (£T 

bfco it&^%i£mtt(Dffi^<Dmfci L n§.xi l z£t) s Anzwatut c57bl/6v^ 

^©IfiiMrJI/ (*HBrE5\«>) TttVE6F165©liSS&*^ BH^ftfc BA 
LB/c nu/nu^XOftMj&^x;]/ (TKM^r^) ^FGF2©t&Mj|l#^ 
^^TU§o #3¥i±3|E|0giJ*0|Slft£fTo;fe (n=10) o Kaplan-Mayer^ (3 

i§o t=-^(± log-ranM&tfc^Dfllflrbfeo *p<0.0001 o 



WO 02/42481 



PCT/JPOl/10323 



46 



Ell 1 (is C57BL/6x"^©fifeilfil (&&^7\n/) £ffi^T s in vivo 
T-fe§o SeV-luc if erase N SeV-VEGF165s *3«tt5 SeV-FGF2 £ 10 7 pfu TfS#L/ 

Ts jfli*oa[«tcDiHi«4mji?ufeo ##«±w-ffl#©«HB«a*^-r. ±s«u s 

eV-luciferaseM^* (Mock transfection) OJfil^|l]II©B$P^ig5i(7)«^ 

3i^lf»Sftl±B:#>&ft1\ KJiMbfe (-#£©;S*;i/)o TSBu SeV-FGF2 
Mv^^oftM^^Bt^^^^to4a@tTic^MT»B^Wrim^E«) 
s 10HSSTffcJ±K±#T?**«:Jfii«*»B6^ ^£fc«te«*nfc (-S£©/^ 

*fcj:5jfii*ai«t©iaaftw-ria'c**o hi ikH*oii*ft:*»s*jfiiK* 

«fcV^l!tJfiiKO¥*9Jfli«E***iHU £JK (#dUfc) 0JfiL««fc*t1-3;£R (it 
jfa) ©MfiicDibhUT^Lfec * P <o.01 (#0£T©S¥fc©ifctfcfc:fc^TX #p 
<0.05 (ffli©±T0»i:OJtttfc*V^TX ##P<0.05 (mock) fc0Jfc« 

MSSeV^* * - £ fe tthFGF2»£^&*F&*3!SeV'<* * £ 5 &&*0 

(1 7J\ b o 

^l^lM3i5feto©at©Ml 
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$ft*gUSeVttWtuCDiB« (Yu, D. et al, Genes Cells 2(7):457-66, 1997; 
Yonemitsu, Y. 3 et al. 3 Nature Biotech. 18, 970-973 (2000); Kato, A., et 
al., Genes Cells 1, 569-579 (1996); Hasan, M. K., et al., J. Gen. Virol. 
78, 2813-2820 (1997)) CfotlSbfeo 

it)ftSl/feo n±m®*Yyt (10 9 pfu/ml) l±imm%Z-80°C-Zl%ftLtz o 
b hVEGF165 cDNA ttWaufciBiBO £5 fcRT-PCRT#lttUfe (Yoneiitsu, Y., et 
al., Lab. Invest. 75, 313-323 (1996)) 0 -7^XFGF2 cDNA{±4*NS± (Nat in 
al Institute of Bioscience and Human-Technology, Tsukuba, Japan) <£D#t# 
£tltzcmh(D&frWMfc&'3%s ?mz£?)£M^tZMn cDNA£fiMbfc (Im 
amura, T., et al., Science 249, 1567-1570 (1990)) o M<£&)fc&, K> 
««*itf»ih3 K>«£*£bfc^XFGF2 cDNA®gfl#$rJt (Accession N 
umber M30644 O 7~435#@©$r#) SUSfcJBV^ v»>*FGF2 cDNAOH^rz 
H > &£&N**BHft| 77 (5' -ACGTGCGGCCGCCAAAGTTCATCCACCATGGCTGCCAGCG 

GCATCACCTCGCTTCCC-3'/lB»^: 1 5)*«kV»±3 fcSeVWHWBJtl 
*^tf C*MJ 7 5- fY- (5' -ACGTGCGGCCGCGATGAACTTTCACCCTAAGTTTTTCTTACT 
ACGCGGATCAGCTCTTAGCAGACATTGGAAGAAACAGTATGGCCTTCTGTCCAGGTCCCGT-3' /IB?UH 
^: 16) *^V^T^^cDNA*ii*Sbfeo C©£ a fc bTHMbfc b hVEGF16 
5 cDNA*<kt>*v<i7^FGF2 cDHABu E3^J#IEb^£fc£fllBl/fe&, pSeV18 + 
b(+) (Hasan, M. K. et al., 1997, J. General Virology 78: 2813-2820) ©N 
otlSBfifc#Abfeo b hVEGF165^fe(i^^FGF2S^1"§-fe>^V t>4fr7, 
^*-& s 4ft^ftSeV-VEGF165£fc&SeV-FGF2fc£#ttfc 0 SeV-luc if erase 
(Hasan, M. K. et al., J. Gen. Virol. 78 (Pt 11): 2813-2820, 1997; Yonem 
itsu, Y. et al., Nature Biotechnol. 18: 970-973, 2000) &<fctfpCMV-lucife 
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rase (Yonemitsu, Y. et al., Nature Biotechnol. 18: 970-973, 2000) &±fB 

fil^CD^-^tt Scheffe©fiEiE*j&D^fe-7ciBfi^^«fC«fcD»*EfUfeo «K 
5*-*©Bi&fB: N »K©ft|'&ftttJSX3 7.(liri> salvage score; LSS) i: bT^ ■ 
Us Kaplan-Mayerffifc«fc D»*f Ufco ^0U*©ttf|-WW*JSB: log-rank*&££ 
l^tSSU £T©fl¥*rfc:fc^Ts p<0.05 *ttffl-fi?jt^r5ii:bfeo 

2o©S^s^^ffl^fe£liftiJSo3^© ; e7 :; ;i/«^bfe (81). rfc*)^ 
( l)C57BL/6^^^©^^Sj#M*J;^4l!iMTOt <tS*S©dllflUK ( 
iai£fc^Ufc*fij&]fo i E5 5 ;i/) (Couffinhal, T., et al., Am. J. Pathol. 15 
2, 1667-1679 (1998); Kalka, C, et al., Proc. Natl. Acad. Sci. USA 97, 3 
422-3427 (2000)), ( 2 ) C5m/6v£*©£#»#»#UR N *JfiitfriM, 

X (3) BALB/c nu/nu v^&fflv^TlWB (2) fcH^WSff"?^ 

(-T^ti^s BALB/c nu/nuT£*K:fcfrSMjfijfo^;i/) T'&So 
J$ft££ C57BL/6, BALB/c N BALB/c nu/nu V** (6-8»tk Charles River Gr 
ade) &KBT Oriental Co. Ltd. (Tosu, Saga, Japan) iDIAbfeo Stf&HItft 

#(No.l05)£J;tf£»(Ho.6)fcttofc..£;fcs *BBi:«4WftBf<0 rprincipl 
es of Laboratory Animal Carej iJitF >"Guide for the Care and Use of labo 
ratory Animals j (publication No. NIH 80-23, revised 1985) ic&^ofeo 
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MjfireT^-cBu ^o±xmmM%£xmtEM&m i^mmrnm (deep f 

emoral arteries) OlTA^I^tttin?] &*g#L«JI»Ufc (EI life) (Co 
uffinhal, T., et al., Am. J. Pathol. 152, 1667-1679 (1998); Kalka, C, e 
t al., Proc. Natl. Acad. Sci. USA 97, 3422-3427 (2000)) o M^Jtlfil ; E7 : ;i/T- 

fcju $ bfcftm&MMfrttmmMm£?<Dwm*ft?tc (hi*), cine.® 

^^l/t^JtSKcDlBiatttflSOlfSttHiN fs!-©« (I.M.) f~J;S3~5[I]© 
#J*©Hiftfc«fc DfflSU =S•MT^{i^ ; eT ; ;^^co§lOMte±©t!JtI^fflv^fe 

o ^n-enojRKUKttx R-o*i»]VW-*fi i oiiiift*4iaii?)*LrfTo 

■frSCD^-C&ofco ±13 (2) O^^I/ ("ffctot) C57BL/6T^^tj3WSfi«E 
jfiifli^^;!/) T5t*&0«5E»jg£5-f (uM rfdS^Mlimb salvage mode 
l)j ttWK ±13 (3) (D^JV (BALB/c nu/nu "^fcylfcfcttSMdtifil^- 

^7^1/ (limb amptation model)j b&W-&) 0 BALB/cV^XOfi^ 
^Jfil^x;^^ BALB/c nu/nu v^^ fcHgft©K0«5gi»«**nfe (t 5 -* 

^tt^V^di:**^ (Rohan, M. R. et al., FASEB J. 14, 871-876 (2000)) 

ztir^zzt&mz&trtt&t* £tie> ©issues cmi/6%M(D$km&]fnmffi 

&zMt2>mgm£ t) fctrU^ fUJK (collateral limb) ©»BI#«fc.!>rt^£fc 

±!3©4'Jt£J:tFMiEjilfo^Vl'£fflV^ N rtJfoj»*«fctf]fo$i©VEGF;&«fcOTG 
F20rtH»*a*IS^feo f!2e«s C57BL/6T£*fl»e>£Rjffi (£*jfiH&£«fc 

^A;vjK>h?^^f (EL ISA) fc&bfco Jfi^itgaRO^ttx thV 
EGF^fe{iv«>^FGF2ffl© Quantikine Immunoassay systems (R&D Systems Inc. 
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Minneapolis, MN) %m^xmwmiZ$t^X%.MLfz 0 iSSS«S§ protein 
assay system (Bio-Rad Laboratories, Hertfordshire, UK) £ffl<^T\ Bradfo 

rdmzlt)&feLm%UmhLfc: (Yonemitsu, Y., et al., Nature Biotech. 1 

8, 970-973 (2000) ) 0 

w#*##fc£»T*p*?ftffofco m&m^tiz, *jfti^*i±2ooaifliR j E 

9)^ (ffft^T*;!/ : 847. 5± 187 .7 pg/g muscle, ftffi^T^U : 895.4±209.5 pg/ 
g muscle, =£n=12) fci^T, *ilYr)^©^-^7^> (489.7±108.6 pg/ 
g muscle N n=12) £it^, FGF2§£K©te£W^±#ji£-fe>-£ (p<0.001) (EI 

2)0 fi^ji«T»Mjflitj;^vEGFsaK©^i©±#* j ^e)nfe/{p\ m 

^^T^T-fiftfrofc : 174.7±43.1, : 119.2±53.4, 

tfte:242.5±244.3, n=12) 0 VEGF stifle <fc Dl£<«#S§#£ft5l*l 
J&il5I0^£:bTcfc<Sn£>ftT:fcD (Shweiki, D. et al., Nature 359, 843-84 
5 (1992); Forsythe, J. A., et al., Mol. Cell. Biol. 16, 4604-4613 (1996) 

« b X stm # © VEGFS K U ^;i/0i|An ttmm Zfttc&s M * 0FGF2 1± 

^©^a^fl^igV^^^^VEGFT-r V7t- A (Cohen, T., et al., J. 
Biol. Chem. 270, 11322-11326 (1995)) %mmt% t^MLtzo Ztl*mtf>lsb% 
tz&bs VEGF188, 164, 144, £J;t>* 120 Z'gtsWzmfOZT'yJ i/>?7 * 
—A (Burchardt, M., et al., Biol. Reproduct. 60, 398-404 (1999)) 
t§577^v-fey h£ffl^T, RT-PCR£J:*)C57BL/6x"i7;Ut (^t5& b, * 
JgJtJ&^^k ^J^Efeilfil^;!/) (D^mi Bi£<D*MMlz%tf2>m¥TJ 
Vy*-J±(Dmi(DMffi1tfi->tzo 77j^-m±\mmm (Burchardt, M. , e 
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t al., Biol. Reproduct. 60, 398-404 (1999)) ^ftfe^y hVEGF©x7 7 >1 
£ cfc t>*x ? v >8ffl © © U T r> 7> VEGF/M V 7 *- A ©SB?!J tftJSfc f 5 
7*7 - K 77 >T (5'-TGC ACC CAC GAC AGA AGG GCA-3* /ffi#!#5 : 1 7) 
j3iV'J/W77-f7- (5'-TCA CCG CCT TGG CTT GTC ACA W/EBIS-f : 
18) ftfflV^fco gfc'J^V^MVEGFT'f V7t-A (VEGF115) ©tfctfJfcBu 
±fBi:|5l^07*y- K7-7^^-,^ctt>'VEGF115^^U^*-7 7^^ v- ( 
5'-CTA CCA AAA GTT TCC CAG GCA G-37E#J#-t : 1 9) fc/B^fe (Sugihara, 
T. et al., J. Biol. Chem. 273, 3033-3038 (1998))o RT-PCR©£#tt;fcjlte n 
fiticbtfirofe (Burchardt, M. , et al., Biol. Reproduct. 60, 398-404 (199 
9); Sugihara, T. et al., J. Biol. Chem. 273, 3033-3038 (1998)) 0 
^©IS^iJflltlHJi-rSrtHttYEQFOJKHtt 164 74 V7*-A©^^ 
^©fl&©;M V7*-ACDM»ftlB3itttftiB*iift<Pofc (EI3)o 
M©&o2:&/h£^7M V7*-Af*S VEGF115 (Sugihara, T. et al., J 
. Biol. Chem. 273, 3033-3038 (1998)) ®f83££RT-PCRfc: J; D#P*f bfc#> tfclH 

[11*012]. v»7^m^©m^m^-fe>^'7-i';i/x^^bfei54 j ?tfE^ 

A©?Jf *7^ £7 

tj-Y*tV ^7©jS#/r©£#\ SW;wl/^7i7- tf*/S^T3MJlN5^P 
©383g 1/ 1 mmUM »LJ^>7i7-t7'yt^tt;K^-^-(H 
odel LB 9507, EG&G Berthold, Germany) £J5V>T£lRfcfto-CfTofc (Yonemi 
tsu, Y., et al., Nature Biotech. 18, 970-973 (2000)) o 7& relative 
light units (RLU) /mg protein T-^bfco £§6K$Il£2: protein assay sys 
tem (Bio-Rad Laboratories, Hertfordshire, UK) ^ffil^T Bradf ord&fc: <fc D 
SU cnti D^>7i7- V7y-b4<Dm%ffimihLtzo liiiK^^b 
^J±iB&frfc&J£#Sj£©8^&j^ *7J^^0«£©i£T#*»;*ft;fefc 
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\zxm%&xrFW&s ztieti 2 mm£25ui?-ofii fee wt©&-^m&^© 

&Wr%7fit 0 -?t>7, (C57BL/6t<?7,) (6~8», ¥&J30g) 100/zg © pCMV 
-luciferase (H^MS©#«fc"£50fg©Jt) (Baumgartner, I., et al., Circula 
tion 97, 1114-1123 (1998); Isner, J. M. , et al., J. Vase. Surg. 28, 964- 
973 (1998)) £&#bfehc:3, *e?»A©2H«©SIS7fl±Jt!R«J*V^^ 
(¥*S±S.D.= 5.1±3.9xl0 6 RLU/mg protein n=6) £^bfcCD 
fcttU 10 7 75-77*- ^ >7*^.-y h (pfu) ©SeV-luciferase0&-#T'tt 
*©W5fi (2.4±3.8X10 7 RLU/mg protein, n=12), 10 8 pfu©SeV©&#-£TO 
12(WS (7.3±4.7xl0 8 RLU/mg protein, n=6) ©SBSifcasbfe (04i) o 

C57BL/6T^7©*J^JtJfil ; E7 :: ;Ut;i/^7 3:-7— b*^7^7^ h* (pCMV-luc 
) SfcttSeV-luc*±fflfcHttK:S#U *A*£?l6S0ll#IIM£»**£Ufc. 
10 8 pfu©SeV-luciferase£I5i£fc$!#b£ C57BL/6T^7©*^JiJfll : Ex;i/T- 

BtF^^3ii:rt^^^©fgTA s Be)tife (day 2 : 7.3±4.3xl0 8 RLU/mg prot 
ein, n=12, day 7 : 3.4±4.7xl0 7 RLU/mg protein, n=12, day 14 : 2.6 

±1.2 xlO 4 RLU/mg protein, n=12) (EK£)o 10 8 pfu©SeV-luciferase&S5tf fc 
&#bfc BALB/c nu/nu&Jg^£^ £ ^O^giMriK^lt &;i/£/7 x5 - 
•fcfMttfcfc, day 7ST-&C57BL/6 x>>?7, tmm<DmmMM*m bfctf, WMzlSH 
Xb*(D%Mififfi$£titz (day 2 : 9.4±3.7xl0 8 RLU/mg protein, n=12, day 
7 : 1.3±1.9xl0 7 RLU/mg protein, n=12, jSkX? day 14 : 0. 9±1.3xl0 7 RLU/ 
mg protein, n=12) 0 

in vitro fc:fett3Jfoflf*f£S6*0fl'fcftN &^©«e7S>ifilW¥*t 
S5« (BSMCs) *J:tf^»« (H9C2) iztoz., fcJttfc MI^Jfiimi*JJ&tt ( 
HUVECs) fcitf C0S7«J!a*$trtll^ft*««ltt*ffl^Tffl€bfco*ll*«-Tfffl 
^fcFGF2^77- (SeV-FGF2) i±®SH^©fea&©^W3&^^;i/S5U*^ 
*l6Bli#e)*J:lf<lb#0W*fc«fcO^ #ttK*J*flrfcfcirtfGF2-c**|| 
J!Sftfcli^&ftS;ifc#*££ftTl>S (Piotrowicz, R. S. et al., J. Biol. 
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Chei. 272, 7042-7047 (1997); Qu, Z., et al. et al., J. Histochem. Cytoc 
hem. 46, 1119-1128 (1998); Florkiewicz, R. Z. et al., J. Cell. Physiol. 
162, 388-399 (1995))o fflM«#^ttg«±^*tFGF2SeK©» 

mtefrwmmzn, zowouzvmmtmm'e&itz imz.&, moi = 100 

T'tt, VEGF165 vs FGF2 = 4,354±2,794 vs 3,682±1,063 (HUVEC©^), 275 
±58 vs 398±154 (BSMC©^); 16,987±4,748 vs 5,976±381 (H9C2©H£-) ; 
38,64814,913 vs 1,547,237±176,502 (C0S7©H£-), Ztl^tl pg/10 5 «/ 

umm, n=3] m5) 0 

[mtfoM3] in vivo K^-f^SeV^VtcSkmm^m^om^M.Oti^ * 

C57BL/6 ?^©*SlitrJl' (13 1£) ^\©SeV-VEGF165, £<fct>* SeV-FG 
F2 © in vivo ®5 W^(3^{j-§lfil < lif^H^©^'t^^llI^^o 

®*>j:t>*»m©^n^n2@ms 25^i-ro26^-^ait^tTs 

Mff^H^© in vivo 3§^©$£|lfcJ:,in vitro 0fgJH£J;£>' in vivo I/*" 
-^-«{E^©^i:l:b^«i*^V^©T'feofco EI 6 £^bfc£5 SeV-FG 

jtfE^O^©^Jl00fg^^Ufe (*mffi : fflg^fi : 429179, Jtifil : 974±150 
, 10 6 pfu : 4,9131313, 10 7 pfu : 13,469112,611, £«J:tf 10 8 pfu : 46,703+12, 
092 pg/g muscle, &n=6, »15 : »Jg«fii : 5501104, dUfiL : 720+128. 10 6 p 
fu : 1,3761158, 10 7 pfu : 8,25218,190, 10 8 pfu : 59,704135,297 pg/g 

muscle, £-n=6) 0 SeV-FGF2S-^S¥T"{±, ft&^;bl!£;^TfcW^&lfil?iFGF 
2&IM}£ft&frofco ZtlizMU VEGF1650ffl«{*#fi5^±i»D(i, FGF2©^tl 
l,zik^±2>mz'J>te<, 10 7 pfuT**2{gt^^-f s 10 8 pfuT-{±M(3SeVS*Ot h 

vEGFl65^ag©^{i(^i:^^m^tl^/t)^fe (+.M : mm^m •. m±u 

, AM : 143164, 10 6 pfu : 159167, 10 7 pfu : 2241216, jS&W 10 8 pfu : <5 p 
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g/g muscles =&n=6, j$#ffi : SicttSS : 173145. AM : 95±28. 10 6 pfu : 186 
±30. 10 7 pfu : 172±101. 10 8 pfu : <5 pg/g muscle. =&n=6)o f*JHtt~7 

«>^VEffOjfil»l/^;i/tttftlttjtJfll^l±*3tfc*ajDUfc* (37.7115.4 pg/ml, 
n=6). ^^^-S^Ot rmF165tttf*fcttfcffi&ftf\ fflS+t?|g3S$-B-feVE6 
F165{i^#cD^mfciiJSi!(b*VNc:.i:^i@$tiSo 

H#Ul>50'eiiftl>*fctitfeo fiEttVEGF©»J&3ggiH:. ?S-T^-?)^7i 
^ffl^^LTE^©JiJfil^ii^^^SeV^^©te¥*fttSii5tSpr^^ 
§o$fc in vitro in vivo fcfc^Ts FGF2©jfiiffi&r£#ffl8u 

ft H&VEGF 0$Bg® Jg® (3 ,fcD%fc&£ftW&cfc#ijs£ftTV>5 (Asahar 
a, T., et al., Circulation 92, 365-371 (1995)) 0 

te^*VEGFMfiHl^£©^b£s ^*VEGF#J|l»ISA«ffl^Tf^fco IH 
7t^bfe<to(Cs VEGF165ftt&<. FGF2©3tfc : ?a|Afciu iE^S3g (^«b 
) 45J;t>'*MJto©TO©K^t*HNTi54j©^att^e'^VEGFL/^;u§0^ 

flSt£v£;*VEGF©^£giJI$fc±#&-fr s &Mmm5i*A!h<Dfr (Mock 

CI ti% g M t a fe » N C57BL/6 v £ ^ © MS it Jfc ^ 9)V fc * & JfllW 
^H^OiSfS^At;: J; S«im*i(iSI«^W{c«J9E bfc (0 8 ) 0 dbfil^fUft^fi 
#A£frofc3§l§r (mock) Its ftWlLtz^teMBm (diffusely picnotic muscl 
e fibers) MJJ&l*Jv¥!ffl (intracellular edema) 2 B&fci±&fiH4®S 

x FGF20&fc^AT&BJ3£fri3»£ftfc (BB8). 
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±g3©*H!&a£fcx ±^(Dfp%.££Tfm&mM]& ; £7 : )l<%H^Ts in vivo 

EGF165T-&S&^£ffiT-&£ 10 s pfu©&^fc^T#A3Ifc^^©ji££S 
Be>*iftfro£ci£fr£>, 10 7 pfu(Z)e7-r;^^#(iJ; D in vivo ^AAX^ft 
gLfeo --T-s K©«5B©Sftft4®P»©»K^3rt^aUfc (Limb Salva 
ge Score; LSS) 0 LSS=4 : ^)feftK (complete limb salvage^ LSS=3 : JUJftfr 
£&©®5E (limb necrosis below heelX LSS=2 : BfrbJbOWt (limb necro 
sis below knee) s LSS=1 :BX *) ±.%.X°<DW£ (limb necrosis above knee)> £ 
«fctf LSS=0 : J&gtt^&fr6©£T&lK& (total auto amputation around t 
he inguinal ligament) 0 :0^1C3^^v £f SeV^^rbfeJ&ffif^ia^O^ 

Jf£ftfc (7=-^#B&)o ^»Rpfc^^^-COaAftffofc»^ VEGF165&^f¥ 
JW^ttx FGF2«!-##&£© N £X(Dm<DWZT*&±£.M!.m$ntc (%LLS=100% 
)o bfrb&fr*^ 0 9* J: VI 0 t^bfej;^:, VEGF165^#T^^T«(iM^ 

(5/iottKuiSfi/fe, °ms=52.2% mcomttt^tcm 

p<0.0001) (ilOA)o £0«g*ip& N VEGF165©»fe?*AtJ:SK«[«tt&« 
«^tl5o BALB/c nu/nu^^CM^jlJfc^^;!/ (JBS^K^E^l/) * 
ffiV^Ts JfilTO^H^OJIfe^t&ftoaSStftffiUfeo *Ofc*> SeV-FGF2£# 
t± nn/nu^«>^©K««ft**fc«lSlbfe (2/10#&Ifc&, %LLS=77.5%) ©fcft 
U SeV-VEGF165©&# (8/10ftTOig, %LLS=15.0%) B\ ;i/i/7x7-W 
eV©&-^ (5/6^Mm, %LLS=16.7%) ^©*«*afe#£*fc*ofe ( 

Ell 0B)o -C©|S*(± N FGF2©»fc^#A#^&J|l£#o£fc£l!IIf8fc^bT 
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lz&mm*\s-'V-\ t y7'7-mMmMffifc&*)n%.Ltz (Couffinhal, T. } 
et al., Am. J. Pathol. 152, 1667-1679 (1998); Murohara, T., et al, J. CI 
in. Invest. 105, 1527-1536 (2000)) o j&fc^FMXOgiftl&s mi&(DM l OA (Ifc 

ZM^tco «JK (£) /lE^JK (£) CDsSnmitom^s V-V-Yv??- 
®LW& (laser Doppler perfusion image; LDPI) MffiB. (Moor Instruments, D 
evon, UK) £ffl^T:£iiKtfeTfTo£: (Couffinhal, T., et al., Am. J. Pat 
hoi. 152, 1667-1679 (1998); Murohara, T., et al, J. Clin. Invest. 105, 1 
527-1536 (2000)) o Hftftfc&s ffcfflfcj; Sx-*0gij**/JMRfciq]*..Sfc«> 
s U-V-Z^V-^yZftSm^ Tii7^§37°C0tIMfcfiVNfe o 

tcmrs m&ffl&£v&ffi& 2s 4 N 7, iob) £ s ^n^n©M^©s«j 

OfiBft 4 2@j£$bT;*** = >^£fTofe (HI l)o 2m©^ 

MM£»tBL£o ffiIH03fc^>fflft©*»fc«kS7 ! -^©Stt*fliiE.afc«), LDPI 

SeV-luciferase (Mock) *5<fc^ SeV-FGF2 V>-fn*4B gfc^T* 

M±*WafcW&fr*;Jfll«j6»tftiB*n^ 4$fcFGF2&#$-C-fci: 4, 7^ £<fctflOBi 
fc*V>TJ»#Si^OWii&Jfll«E* J Be>^ I^B#8I0 lucif erase Jll!#»Tftt*I8 

fficise)nfcjfii«EtfB?)iife©fc^A«me»nfe (mi d. ft*fl5*is*-eHu 1 

uciferase &&&®Ktt6A0£IB (mildly atrophic limb) £jg?-fcCD#&o 

x vEGFl65^#T'^7Xii^il^t{5i:^^«5b s Me)tl•r^ T&%m%&i,tz m 
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1 l)o SeV-VE(ffl65£&#£ftfc£T©T£;*t± N <J>fc < t*J»U^;i/C*^T 

1. SeV-luc if erase £&#bfcfi& 

BBlIfctt^fBO+^H'tjESTIfllftOM^JIfenfc. bfr b 1 0 B @ tTd 
(0«fltoTII*T©Jfll«ttIiHtb3ft*»-3fco HSiRfcbTN ^^^^t^Ufect 

2. SeV-VEGF165&&#bfc{I{# 

* jfiLfT© nift tt s h xm®f, &m t b t/u ji * b & «t ? £ 
^ii©«j;DTJK«mbfc 0 i om&<D±M-e±<mm<Difcm*mza 

3. SeV-FGF2&-^Mlfc 

H(±SeV-luciferase^^#bfefll#:^llSJgT«^ofeo 4Bli^^MS ( 
1 2£^bfc<fc-5t> SeV-FGF2^^>>^«s SeV-luciferase&# v£*£jt^ 

s mMm<D&mmmim<DfoM&GM£i*^m%KLito cmn^u sev-vEGF 

165a^Vf>^©^JHffliOjfliaEHtfi^llfcg* DN#ffi«7 BiW»tt^<©»» 
•CTK**ffl5Sfett j en«fcD±BP*e>jR5&»iK«bfeo 

1 . M*r4jtfi^«F&fcS!*>^f £cDNA©mig 
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t>4)\t7* (SeV) (DikjktfS AcDNAS^tf pSeV18 + b(+) (Hasan, M. 
K. et al., J. Gen. Virol. 78, 2813-2820, 1997) i? ^Ym^^'K^^tcr 
7*$. KpSeV18 + /AF (tfOOO/70055^«kOTK)00/70070#ffi) 0Ffltfi?0&«8Mft 
tEGFPJtfi^ftflfftbfe^^^ K (pSeV187AF-GFP) ^iltSfe^ £<rE 
WP3tfe ; 3:CDPCRfc < fc*Jifi*ffftofco EGFP»fe^»f«-O^»*60^» (Hau 
smann, S. et al., RNA 2, 1033-1045, 1996) 5'5fo$&Nsi-ta 
iledT^-Yv— (5' -atgcatatggtgatgcggttttggcagtac/IE?!]^ : 3'*$$ 
(iNgoMIV-tailed7*7 -i "7— (5' -tgccggctattattacttgtacagctcgtc/iK^Jll-?- : 
10) §ffl^TPCR*ffofeo PCR^tJ^W^^Msil^NgoMIVT-^bbT^^ 
6 ®Tfr£ HJR UpUC18/dFSS0F*fc£Mftfc* SNsil ^NgoMIV^ ^ ? $J K#$gMft 
fcjftlSU ^~^^>^*«tSUfeo ££fre>EGFPjtfc?&^trDraIII$Ttf-£|I| 
1RU pSeV18 + ©Fifi{5?^tf^©DraIIIiTM-i:S^m^s 7^-^3>b 
TpSeV187AF-GFP£?§fco fcfcU pSeV187AF©«£fck FJtfi^OEISffiai (S 
eVflrftflMBaU E; end, I; intergenic, S; start) jW8|#U TTOFjfifi^OO 

^^5=- h**»«3Sf S^TIH40feS«KiK:3&:-3TVNSo £fcpSeV187AF-GFPCD«£- 
(iGFP^±t^-rs©T\ ^©^7-^ KSOTP^±t^f §RTtH4©*V^^^ 
-OflBH £ ff o o * © fc » (C &Ti3©$ fcfflfr * ff * o fe o 

P SeV18V AF-GFP^Sall £NheIT«b UTF^!ll»ffi4^tt*«©»f^ (6288bp 
) *®iRU Litmus38 (New England Biolabs, Beverly, MA) izpu— ->?b 
s LitmusSallNhelfrg/AF-GFPt bfco &»£#fcFjtfc^±m©EISBE?!l£^trE 
GFPitfc^©:WSfct Inverse PCR&fc: «fc Dfr&ofco ffct)^ GFPjlfe^±^T^J 
mMm^exAWmmmm^V^ > bfcreverse:/^ T- (5' -gtttaccaggtggag 
agttttgcaaccaagcac/ie5U#-5f : 1 1 ) £GFP&fe^TMT*ftJRB@#3ilSexAI©EI$i 
iB^iJ^^if > Lfeforward7°7 -f7- (5' - ctttcacctggtacaagcacagatcatggat 
gg/mm^ : 1 2) -ePCR£frfcV\ (10855 bp) £«£B 
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T^So ^-T's T^** K*^J»»SCS110»t: h7>^7t- Ab'TML (S 
exAl&^;Wb®f£#£§ttTOffl&& < ££©^m7dam ©SCSllOft-fcfiJffl 
b£)> ©JPS^*SexAlT"Yi<b^s 1628bp^U : 9219bp©2o©3tfE-?iTM-^|lIiftb 
t7^y-: 5/3>ftfifftV\ 5&#&15 bp£fcfc<*-ti\ 6OfgjRTfFj»fe ; ?±«E0E 
ISiB3?!J*^tfEGFPjfi^^^*^*feLitiiusSalINheIfrg/AF (A5aa) £Mb 
fco £©7*7*$ KfcSall&mel^fbbTBffJtfcllll&U pSeV18 + ©F»fE^ 
£^tP^©SalI/NheISr#£fi£&*s 7^^-^ 3 >bt77X5 h'pSeV18* 
/AF (A5aa) £®fc 0 d©7°7^^ ^©JtotfaPMBSfi? (#]i:bTt hFGF2 

2 . hFQF23tfe?#«F^ai-fe >^>f AcDNA©$tH 

t K© FGF2 (hFGF2) cDNA(i> If UOTIc^ftTObfc t h*flt£iM 
*&^(lbfcJflie¥*IB«JiaJ:DRT-PCRt:r»*IU pBluescriptSK+ (Stratage 
ne, La Jolla, CA) ©Hindlll (5'*$Ss0, EcoRI (3'*«B) fc-tf-T*? D-:z>7*b 
TMlfeo *©l& hFGF2 cDNA©^5^ia^Abraham£>©|g£ (Abraham, J. 
A. et al., EHBO J. 5 (10), 2523-2528 , 1986) tm— d ££5tEbfco 

pSeV18 + /AF (A5aa) ONP»fi^Offfcfi[|I-rSffi!IIRBI*NotI®(ftttK:hFGFZ 
*fe?*#A-r3fe«>^ *-fhFGF23tfe^©3'MJtSeV^M&t)IH^J (EISK9U) 

±fB hFGF2 cDNA&iiatbTs Hte=> b*>£^M*«{8j7*^ v- (5'-atccg 
cggccgccaaagttcacttatggcagccgggagcatcaccacgctgcccgccttgcccgaggatggcggcag 
cggcgcc/iB»-t : 1 3)*5J:tF«l±n K>^tifcEISIB^«^trC*«ffir^ 
-< T— (5' -atccgcggccgcgatgaactttcaccctaagtttttcttactacggtcagctcttagcaga 
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cattggaagaaaaagtatagc/ffi?!j#^ : 1 4) £JS^TPCR£?t&V\ Notl^Hbii, p 
BluescriptSK* (Stratagene, La Jolla, CA) ONotlfiMfcCIJ-:/^ D — - >£*bt 
pBS-hFGF2£flMU MMim%mm\sfzo pBS-hFGF2£NotIT*««s hFGF2 cD 
NA£^t?®rtf-£pSeV187AF (A5aa) ©NPitfE^©fjt{4g-r€,NotlM(z#A 
U hFGF23tlS^«eF^^M-fe>^'>^;^yyAcDNA pSeV18 + hFGF2/AF (A 
5aa) (pSeV18 + hFGF2/AF (A5aa) fcfc N pSeV18 f hFGF2/AFh **Ef 

5)o *»tl*W«»W;i/;* cDNA^u- h*f5pSeV18 + b(+)©NotlM 

fcfchFGF2 cDNA^r^tf NotIir>T" £t¥A b> pSeV18 + hFGF2^ambfe 0 pSeV18 + hFGF 
2fr£>fci\ (Hasan, M. K. et al., J. Gen. Virol. 78: 2813-2820, 

1997; Kato, A. et al., 1997, EMBO J. 16: 578-587; Yu, D. et al., 1997, G 
enes Cells 2: 457-466) fc«fcDt rFGF2£fgSIT3^MMSeV^*-£Mb 
s SeV-hFGF2i: bfeo 

3. F&&wr$4j],zc!)mmf&&xmM 

-t2>^W-i7-r;u^©F3ife^(SeV-F) £Cre DMAU3>K^— Bfci DBWWC 
»£*3F*6£^;Wt—JBIllS (LLC-MK2/F; WOOO/70055£<fctftfOOO/70070#JRO $ 

LLC-MK2/F£iti3U mM%m&<DMm%LLC-M2/Y/A<ibmdt 3)o LLC-MK2 |ffl 
JM 5X10 6 cells/dish T*iffiilOcm ©^ r U UllfcSi^ 24BtH0tg»^ y^l/ 
> fcSSIMS (365nm) ^20#MStbfcT7 RNA*' U t^-V^mit* U n 
>tf^-> h9^^^T^^;b^ (Fuerst, T.R. et al., Proc. Natl. Acad. Sci 
. USA 83, 8122-8126, 1986) KMUT: Ifflfl^ff; (moi=2)o Vti/-Tt> 
4 JlZ^vmftUmmizlts 15<7y bW:/5#«1I£ft£ UV Stratalinker 
2400 (*^D^#-t 400676 (100V), Stratagene, La Jolla, CA, USA) ^M^fe 
o «£2|H»bTs 7*^^^ K pSeV18 + hFGF2/AF, pGEM/NP s pGEM/P, pGEM 
/L (Kato, A. et al., Genes Cells 1, 569-579, 1996) pGEM/F-HN (WOO 

0/70070) £^ti^ftl2//g, 4//g v 2ugs i5ctW>ug/dish ©fitt-eOptiM 
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EM (GIBCO) tlSU SuperFect transfection reagent (1/zg DNA/5/zl © S 
uperFect, QIAGEN) *AftTM&U MT?15#IBfl««k SWIttfc: 3 %FBS£ 
^ftOptiMEM 3mlfcAfts WCttlt^ibfeo 3~5RW§ll^s IBU&&JfiLffi 
£^£&^MEM -C2ia*»U F^»/?-D-77 tfy i/ H 40/zg/ml (Ara 
C s Sigma) fcJilFHJ 7.5/zg/ml (GIBCO) M^t^V>MEMT-2 

• 4HfTOilb*:o 

**±» 4 m §s ±IB"C ^ D -n > ^ b £FSgifl^;Wl-|MLC-M2/F/Adtt 
&SEUfeo JWW&fcttJfil?*l^*fc^MEM (40/zg/ml AraC, 7.5^g/ml h U 7' 
*>>£^tr) bfcLLC-MK2/F/Ad«£, #tt±ffi«ft^&HJ&K:MU 4 

iMEM fcSSffib (10 7 cells/ ml\ WftittiP* 3EI»DfiUff ofc. dCD^-f-fe- 
h £LLC-MK2/F/Ad« (4x10 s cells /well 12-well-plate) fcW (200^1/w 
ell), ^5>C300//l/well©«<£^^^V^MEM(40^g/ml AraC, 7.5/zg/ml hU 
7*»*$ts) £»U 15~24B#TO«bfeo ^Ss±?f£l&£s II^IS 
^MEM-e$#&> fffe^Jfo.?t^^-^^VNMEM (40/zg/ml AraC, 7.5>ag/ml h U 7^> 
>£^t?) *«a«U 5~9BF E §l£li£f?^±rit£0iKbfco HUIXbfc±?S£LLC- 
MK2/F/Ad«-x«U |n]bJ;?k:jfiL?i£^i;&^MEM (40^g/ml AraC, 7.5//g 
/ml hU7^>>£^tf) T*±g*£fT?££T'F^&^SeV£Jii|ibfco 

^©P&s F^SSeV^^^nTV^S^«±^^ 0.22Am©7^;i/^-fc 
^D7gb2H]ffi1-C J:T%MJ^Bf©T7 RNA# U p< 7— IfC^lZfiJ^ bfc U 3 > 
b'^-> H7^^-^i>^;i/X©?gA§l^*bfeo ^ttftfcfck 20W±AraC£^ 
#]fil?i£^i;&^MEM (40/zg/ml AraC N 7.5/zg/ml hUr^>*^tf) TfiflHl/ 
fei§»±« (P2«©i)->7Ml/) fco^T0.22Am©:7>f -£211131 U JEfcl 
EIAraCft£#lfiLftft£*fc^MH! (40/zg/ml AraC, 7.5/zg/ml hU7*^>^tf 

&LXmm\stzF &&MSeV (SeV-hFGF2/AF) 
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1 fclBtfc© BALB/c nu/nu^ez^a^rilJflltT 5 ;!/ (MK^t^) 
T N ttHS! * ct vmamtnKM t b FGF2&SSeV^ ^ * - CD&# fc £ €> fSMjH £ 

^SfflftCDiO^) £HtBbfc (013), 

»^>7i7- fcflggiSeV (SeV-luciferase) 4K4bf^^^T!lt 
#^^^fcHIllHcWv^«(*^Jg*»ttliUfe 0 itit^fU fc hFGF22ggl^*- 
(SeV-hFGF2£J;tfSeV-hFGF2/AF) **8!#bfc»^ttKJIttlSft*3tK:iqUWbfc. 
*H»JKl<t *K t hFGF2*^1-5^7^^V^'f;^^^^~^j4Jfil^© 

a ^ ^ ^ v * -#jtJfo?&$M$j-e & s c t * mu b fe o 
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If 3<©f&B 

2. Mm§t^B,^mmwmmmmm=fz (fgf2) »*«ik:b«©^ 
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SEQUENCE LISTING 

<110> DNAVEC Research Inc. 

<120> Paramyxovirus vectors encoding angiogenic genes and uses 
thereof 

<130> D3-A0006P 

<140> 
<141> 

<150> JP 2000-359374 
<151> 2000-11-27 

<160> 19 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 10 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
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2 

Synthesized Sequence 

<400> 1 
ctttcaccct 

<210> 2 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Sequence 

<400> 2 

tttttcttac tacgg 

<210> 3 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Sequence 
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<400> 3 

cggccgcaga tcttcacg 18 

<210> 4 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Sequence 

<400> 4 

atgcatgccg gcagatga 18 

<210> 5 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 



<400> 5 

gttgagtact gcaagagc 



18 
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<210> 6 
<211> 42 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 6 

tttgccggca tgcatgtttc ccaaggggag agttttgcaa cc 42 

<210> 7 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 7 

atgcatgccg gcagatga 18 



<210> 8 
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<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 8 

tgggtgaatg agagaatcag c 21 

<210> 9 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 9 

atgcatatgg tgatgcggtt ttggcagtac 30 

<210> 10 
<211> 30 
<212> DNA 



WO 02/42481 



6 



PCT/JP01/10323 



<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 10 

tgccggctat tattacttgt acagctcgtc 30 

<210> 11 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 11 

gtttaccagg tggagagttt tgcaaccaag cac 33 

<210> 12 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 12 

ctttcacctg gtacaagcac agatcatgga tgg 

<210> 13 
<211> 84 
<212> DNA 

<213> Artificial Sequence 



33 



<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 13 

atccgcggcc gccaaagttc acttatggca gccgggagca tcaccacgct gcccgccttg 60 
cccgaggatg gcggcagcgg cgcc 84 

<210> 14 
<211> 82 
<212> DNA 

<213> Artificial Sequence 



<220> 
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<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 14 

atccgcggcc gcgatgaact ttcaccctaa gtttttctta ctacggtcag ctcttagcag 60 
acattggaag aaaaagtata gc 82 

<210> 15 
<211> 57 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 15 

acgtgcggcc gccaaagttc atccaccatg gctgccagcg gcatcacctc gcttccc 57 

<210> 16 
<211> 103 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
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Synthesized Primer Sequence 
<400> 16 

acgtgcggcc gcgatgaact ttcaccctaa gtttttctta ctacgcggat cagctcttag 60 
cagacattgg aagaaacagt atggccttct gtccaggtcc cgt 103 

<210> 17 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 17 

tgcacccacg acagaagggg a 21 

<210> 18 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 
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<400> 18 

tcaccgcctt ggcttgtcac at 22 

<210> 19 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 

Synthesized Primer Sequence 

<400> 19 

ctaccaaaag tttcccaggc ag 22 
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DESCRIPTION 

PARAMYXOVIRUS VECTOR ENCODING ANGIOGENESIS GENE AND USE THEREOF 
Technical Field 

5 The present invention relates to Paramyxovirus vectors encoding 

angiogenesis genes and use thereof. 

Background Art 

Recent research for treatment of ischemic diseases has been 

10 performed using growth factors that induce angiogenesis. For 
example, the therapeutic effect of fibroblast growth factor 2 { FGF2 ) 
(Baffour, R. et al., J. Vase. Surg. 16 (2): 181-91, 1992) and 
endothelial cell growth factor (ECGF) (Pu, L. Q. et al., J. Surg, 
Res. 54 (6): 575-83, 1993) on patients with cardiac infarction and 

15 acute limb ischemia has been examined. A recent study has revealed 
that vascular endothelial growth factor (VEGF) / vascular 
permeability factor (VPF) promotes vasculogenesis in animal models 
with myocardial ischemia and limb ischemia (Takeshita, S. et al., 
Circulation 90 (5 Pt 2): 11228-34, 1994; Takeshita, S. et al., J. 

20 Clin, Invest. 93 (2): 662-70, 1994). 

Clinical trials of human gene therapy using angiogenic growth 
factors have been undertaken recently. Human gene therapy has been 
clinically applied totherapeutic angiogenesis in order to treat 
critical ischemic limb. Vascular endothelial growth factor / 

25 vascular permeability factor (VEGF/VPF) , an endothelial 
cell-specific mitogen, is a potent therapeutic gene for this purpose, 
and it has demonstrated relatively promising results by means of 
plasmid-based gene transfer involving human subjects (Baumgartner , 
I., et al., Circulation 97, 1114-1123 (1998); Isner, J. M . , et al., 

30 J. Vase. Surg. 28, 964-973 (1998)). However, the related adverse 
effects and toxicity levels of intramuscular gene transfer of VEGF 
have been less documented at present because efficiency of 
plasmid-mediated intramuscular gene transfer and expression are not 
very high. Since recent reports indicate that transgenic (Thurston, 

35 G., et al., Science 286, 2511-2514 (1999)) or adenoviral (Thurston, 
G., et al., Nature Med. 6, 460-463 (2000)) overexpression of VEGF 
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result in abnormal vasculogenesis in transgene-introduced animals, 
and that plasmid-based intramuscular VEGF gene transfer showed 
transient edema in human subjects with ischemic limb ( Baumgartner , 
I., et al., Circulation 97, 1114-1123 (1998); Isner, J. M., et al., 
5 J. Vase. Surg. 28, 964-973 (1998)), detailed mechanisms to cause 
these pathologies remain to be clarified. Other potential 
unfavorable effects of VEGF over expression are likely to be the 
formation of " angioma-like" fragile capillary vessels, possibly due 
to the imbalance of angiogenic signals (Carmeliet, P., Nature Med. 

10 6, 1102-1103 (2000) ) . VEGF gene transfer to vessel wall in vivo may 
cause angiomatousid endothelial proliferation in the severe 
neointimal formation associatingextravasation of red blood cells 
(Yonemitsu, Y., et al., Lab. Invest. 75, 313-323 (1996)). Similar 
pathological findings were demonstrated in retrovirus-mediated 

15 constitutive overexpression of VEGF in myocardium (Lee, R. J., et 
al., Circulation 102, 898-901 (2000)). Furthermore, another 
important issue to be addressed in clinical setting is the level of 
leakage of locally expressed these angiogenic factors to systemic 
circulation. Such leakage may cause unexpected angiogenic 

20 complications associated with diabetic retinopathy or growth of 
neoplasm. 

Acute critical limb ischemia, which results from acute 
obstruction of the major arteries, is caused mainly by thrombotic 
obstruction and is an important target of therapeutic angiogenesis . 

25 Acute critical limb ischemia is treated quite unsuccessfully in late 
interventions, often resulting in limb amputation. Moreover, the 
long-term prognosis of patients with limb amputation is poor and 
one-year survival rates of patients after surgery is only 50%. 
Plasmid-based gene expression levels are low and the efficacy of 

30 plasmid-based therapy for acute severe artery occlusion is still 
unknown . 

Disclosure of the Invention 

An objective of the present invention is to provide 
35 Paramyxovirus vectors encoding angiogenic genes and use thereof. 
More specifically, the present invention provides Paramyxovirus 
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vectors encoding angiogenic genes, angiogenic compositions 
including the vectors, and methods for promoting angiogenesis in 
ischemic tissues using the vectors. 

Preliminary studies by the present inventors indicated 
5 unsuccessful results wherein limb salvage was achieved by means of 
plasmid-based human VEGF165 gene transfer in mouse model of acute 
critical limb ischemia (data not shown) . To test whether higher 
expression of transgene may show a better result, the present 
inventors used recombinant Sendai virus ( SeV) -mediated gene 

10 transfer, a technique that shows highly efficient gene transfer into 
various organs. As shown in Examples of this application, the present 
inventors used two recombinant SeV vectors as therapeutic tools for 
limb ischemia: one expressing human VEGF165 and the other expressing 
murine fibroblast growth factor 2 (FGF2) . FGF2 (often referred to 

15 as bFGF) protein is a growth factor that shows angiogenic effect when 
administrated (Baffour, R. et al., J. Vase. Surg. 16: 181-191 
(1992) ) . 

Using these vectors, the present inventors analyzed 1) the 
transgene expression level and kinetics of SeV-mediated 

20 intramuscular gene transfer; 2) whether higher expression of 
angiogenic factors may prevent limb necrosis caused by acute critical 
limb ischemia or any adverse effects; and 3) whether the higher 
expression of angiogenic proteins in muscles leads to their leakage 
into the systemic circulation. 

25 The inventors used ischemic mouse models including BALB/c nu/nu 

lower limb amputation models (auto-amputation model) , in which the 
entire external iliac artery and vein and femoral artery and vein 
above the knee were excised (critical ischemia model) , and C57BL/6 
limb salvage models, which do not lose their lower limbs due to 

30 physiological angiogenesis after the same surgical procedures as 
above. Vectors expressing human VEGF165, mouse FGF2, or lucif erase 
(SeV-hVEGF165, SeV-mFGF2, or SeV-lucif erase, respectively) were 
constructed and administered to thigh and calf muscles two days 
before ischemia surgery. Lower limbs were observed up to 10 days 

35 after surgery. 
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In the case of luciferase gene transfer into mouse lower limb 
skeletal muscle, SeV showed 5- to 120-fold higher gene expression 
levels compared to control plasmid vectors that were administered 
in an amount of 100 jag (200 mg/60 kg human body weight: corresponding 
5 to 25 to 50 fold of the clinical dose) . In various cell cultures, 
both SeV-hVEGF165 and SeV-mFGF2 showed high protein secretion level 
(50 to 500 ng/10 5 cells/24 hours) . FGF2 level was increased by 5 to 
100 fold by intramuscular administration of SeV-mFGF2 compared with 
non-administered control (base line) . In contrast, the 

10 administration of SeV-hVEGF165 caused only limited expression of 
VEGF in muscle (at most 2 fold above base line) and significantly 
increased the expression of endogenous VEGF. Widespread necrosis 
was observed in muscle tissues where SeV-hVEGF165 was administered 
2 days after administration and promoted the amputation of lower 

15 limbs. On the other hand, SeV-mFGF2 administration showed 
significant therapeutic effect of limb salvage with an increase in 
endogenous VEGF expression. In both cases, no significant leakage 
of vector-derived proteins into the serum was observed (<5 pg/ml) . 
All of the limbs were saved in the non-administered, SeV-lucif erase, 

20 and SeV-mFGF2 groups, however, one third or more of the SeV-hVEGF 
group mice in the limb salvage model lost their lower limbs. In the 
auto-amputation model, only the FGF2 group showed a high limb salvage 
effect, however, the lower limbs of most of the mice in other groups 
was auto-amputated . 

25 The present invention revealed that intramuscular 

administration of recombinant Sendai virus vectors significantly 
increased transgene expression. Recombinant Sendai virus vectors 
showed 10- to 100-fold higher expression than plasmid vectors. 
However, it was found that in vitro administration of recombinant 

30 Sendai virus vectors expressing VEGF165 promoted limb amputation in 
the acute severe ischemia mouse model. Administration of 
SeV-hVEGF165 induced edema (Example 4, Fig. 8), prevented blood 
perfusion after ischemic surgery (Example 5, Figs. 11 and 12), and 
significantly increased the ratio of limb amputation by ischemia 

35 (Example 5, Figs. 9 and 10). These pathologies would bepartly due 
to strong vascular permeability increasing activity of VEGF. In 
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contrast, administration of Sendai virus expressing FGF2 
consistently showed high therapeutic effect. In both models, the 
fact that no recombinant proteins were detected in the systemic 
circulatory system, suggests that SeV-mediated FGF2 therapy has 
5 little effects to other organs and broad safety regions. These 
results also indicate that attention must be paid to undesirable 
effects caused by VEGF in certain limb conditions in human clinical 
applications. Thus, FGF2 gene therapy, which shows a broad range 
of safety and therapeutic effect, would be a safe gene therapy system. 
10 Furthermore, the present invention demonstrated the effect of SeV 
vector, which is a potent tool for introducing therapeutic genes in 
vivo, and enables its use in clinical therapy for acute severe 
ischemic limb. 

The present invention relates to Paramyxovirus vectors encoding 
15 angiogenic genes and use thereof. More specifically, the present 
invention relates to: 

(1) a Paramyxovirus vector encoding an angiogenic gene capable 
of being expressed; 

(2) the Paramyxovirus vector of (1) , wherein the angiogenic gene 
20 is fibroblast growth factor 2 (FGF2) ; 

(3) - the Paramyxovirus vector of (1), wherein the Paramyxovirus 
is Sendai virus; 

(4) the Paramyxovirus vector of (1), wherein said vector lacks 
the F gene; 

25 (5) an angiogenic composition comprising the Paramyxovirus 

vector of (1) or a cell containing the vector, and a pharmaceutically 

acceptable carrier; 

(6) the composition of (5) , wherein said composition is for the 

treatment of ischemic tissues; 
30 (7) the composition of (5), wherein said composition is for 

intramuscular administration; and 

(8) a method for inducing angiogenesis , wherein said method 

comprises the step of administering the angiogenic composition of 

any one of (5) to (7) . 



35 
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Using recombinant SeV as a powerful tool for boosting 
therapeutic genes in muscles, the present inventors characterized 
in vivo effect of angiogenic factors, VEGF165 and FGF2, for acute 
severe limb ischemia. Key. aspects obtained in this study were; 1) 
5 limb ischemia-induced endogenous VEGF rather diffused to systemic 
circulation than concentrated in muscles and the expression of 
VEGF165 mediated by the vector of the present invention does not leak 
significantly to systemic circulation; 2) exogenous FGF2 expression 
5- to 100-fold higher than endogenous one did not result in 

10 significant systemic diffusion; 3) this level of FGF2 expression also 
induces endogenous VEGF expression and showed significant limb 
salvaging effect associating significantly increased limb blood 
perfusion; and 4) overexpression of VEGF165 apparently induced the 
limb damage in contrast to that of FGF2 . These findings suggest the 

15 clinical feasibility of FGF2 with broader safety range as a 
therapeutic angiogenic factor to treat acute critical limb ischemia. 
Furthermore, the present inventors are the first to reveal severe 
adverse effect ofVEGF165 gene transfer for limb ischemia. 

Interestingly, the present inventors found that limb 

20 ischemia-induced endogenous VEGF rather diffused to systemic 
circulation than concentrated in muscle itself. Although ischemic 
operation-induced endogenous VEGF expression in muscles and 
endothelial cells (ECs) was already addressed (Florkiewicz, R. Z. 
et al., J. Cell. Physiol. 162, 388-399 (1995)), the present inventors 

25 are the first to demonstrate that endogenous VEGF seems responsible 
for the induction of systemic, but not for local, angiogenic 
response. Asahara et al. showed that systemic administration of VEGF 
mobilizes endothelial progenitor cells (EPCs) (Asahara, T. et al., 
EMBO J. 18, 3964-3972 (1999)), suggesting that physiological 

30 response to limb ischemia forming collateral vessels is appeared to 
depend on, to some extent, EPC-mediated "vasculogenesis-like" 
neovascularization rather than on local angiogenesis by 
proliferating ECs sprouting from preexisting vessels (Isner J. M. , 
J. Clin. Invest. 106, 615-619 (2000)). Since boosted VEGF in ischemic 

35 limb via gene transfer resulted in lack of significant blood 
perfusion and in limb amputation as demonstrated here, in this case, 
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VEGF may dominantly act as "vascular permeability factor" rather than 
"angiogenic factor". This may be also supported by the histology 
of muscles, apparently indicating more extensive intermuscular edema 
in VEGF165 group. 

5 Secondary, the present inventors showed that FGF2 gene therapy 

solely is effective to treat ischemic limb, and involves endogenous 
VEGF function in vivo. Even if the total protein concentration of 
VEGF in muscle via FGF2 gene transfer was similar to that of VEGF 
gene transfer, FGF2 gene therapy itself, but not VEGF, was 

10 sufficiently effective. These findings suggest that not only VEGF 
but also FGF2 may be necessary to form mature blood vessels for 
therapeutically perfusing blood to ischemic limbs and to prevent 
vascular leakage. Furthermore, angiopoietin-1 , an angiogenic factor 
that prevents vascular leakage of VEGF-induced immature vessels, may 

15 contribute to this. 

The reason why injection of SeV-VEGF165 could not show 
comparable expression to SeV-FGF2 or SeV-lucif erase in muscle in vivo 
is not still fully addressed becauseSeV-VEGF165 works in vitro 
sufficiently to secrete gene product similar to SeV-FGF2. Similar 

20 to histological study, laser Doppler perfusion imaging (LDPI) showed 
extensively damaged muscular tissue with lack of blood perfusion. 
Thus, it may be possible that cellular machineryof 
SeV-mediatedtranscription including tubulin (Moyer, S. A., et al., 
Proc. Natl. Acad. Sci . USA 83, 5405-5409 (1986)) and phosphoglycerate 

25 kinase (Ogino, T., et al., J. Biol. Chem. 274, 35999-36008 (1999)), 
may be disturbed due to edema caused by VEGF165-induced tissue 
damage. Inversely, relatively low level of exogenous VEGF165 gene 
expression markedly enhanced endogenous VEGF (approximately 200 pg/g 
muscle) in severely ischemic muscles (1,400 pg/g muscle), resulting 

30 in accelerated limb amputation. These results strongly suggest that 
enhanced concentration of VEGF in muscle, even if it is relatively 
low and around 2-hold higher than the baseline, can lead limbs to 
critical limb ischemia. 

Angiogenesis is considered as a well-harmonized process and a 

35 lot of factors may be involved. Among these factors, the biological 
function of VEGF is highly dose-dependent, resulting in fatal defect 
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even with single loss of allele (Carmeliet, P. et al., Nature 380, 
435-439 (1996)). Constitutive VEGF. expression is necessary during 
entire process of vascular integrity and maturation, because 
transient VEGF expression only induces short-lived angiogenic 
5 responses (Pettersson, A. et al., Lab. Invest. 80, 99-115 (2000)), 
and further, VEGF-induced capillary-like structure rarely makes 
connections to preexisting blood vessels (Springer, M. L., et al., 
Mol. Cell 2, 549-558 (1998)). Thus, the present invention suggests 
that more than 2-fold higher concentration of VEGF in muscle without 

10 sufficient FGF2 is likely to be seriously toxic. Considering these, 
more careful attention than ever should be paid in use of VEGF for 
therapeutic angiogenesis , although VEGF still holds great clinical 
potential. Furthermore, intramuscular FGF2 gene transfer was 
demonstrated to be safe and significantly therapeutically effective 

15 for limb salvage in acute severe limb ischemia cases. 

Herein, a "Paramyxovirus vector'' is defined as a vector (or 
carrier) that is derived from the Paramyxovirus and that is used for 
gene transfer to host cells. The Paramyxovirus vector of the present 
invention may be ribonucleoprotein (RNP) or a virus particle having 

20 infectivity. Herein, the term "infect ivity" is defined as an ability 
of the recombinant Paramyxovirus vector to transfer, through its cell 
adhesion and membrane fusion abilities, a gene contained in the 
vector to cells to which the vector is adhered. The Paramyxovirus 
vector of the present invention may have replication ability, or may 

25 be a defective vector without the replication ability. Herein, 
"replication ability" is defined as the ability of virus vectors to 
replicate and produce infective virus particles in host cells 
infected with the virus vectors. The replication ability can be 
determined using, for example, monkey kidney-derived cell line, 

30 LLC-MK2 or CV-1. 

Herein, a "recombinant" Paramyxovirus vector is defined as a 
Paramyxovirus vector constructed by gene engineering or its 
amplified products . For instance, recombinant Paramyxovirus vectors 
can be generated by reconstitution of a recombinant Paramyxovirus 

35 cDNA. 
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Herein, a Paramyxovirus is defined as a virus of the 
Paramyxoviridae family or a derivative thereof. Paramyxoviruses 
used in the present invention include, for example, viruses belonging 
to the Paramyxoviridae such as Sendai virus, Newcastle disease virus, 
Mumps virus, Measles virus, Respiratory syncytial virus, rinderpest 
virus, distemper virus, simian parainfluenza virus (SV5) , and type 
I, II, and III human parainfluenza virus. The virus of the present 
invention may be preferably a virus of the genus Paramyxovirus or 
a derivative thereof. Paramyxovirus that can be used in the present 
invention includes, for example, type I human parainfluenza virus 
(HPIV-1), type III human parainfluenza virus (HPIV-3) , type III 
bovine parainfluenza virus (BPIV-3) , Sendai virus (also referred to 
as "type I mouse parainfluenza virus") , type X simian parainfluenza 
virus (SPIV-10) , etc. Most preferable Paramyxovirus of the invention 
is Sendai virus. These viruses may be naturally occurring, 
wild-type, mutant, laboratory-passaged, artificially constructed 
strains, etc. Incomplete viruses such as the DI particle 
(Willenbrink W. and Neubert W. J., J. Virol., 1994, 68, 8413-8417) 
and synthesized oligonucleotides may also be utilized as a material 
for generating the virus vector of the present invention. 

Genes encoding proteins of a Paramyxovirus include NP, P, M, 
F, HN, and L genes. Herein, the "NP, P, M, F, HN, and L genes" 
represent those encoding the nucleocapsid protein, phosphoprotein, 
matrix protein, fusion protein, hemagglutinin-neuraminidase, and 
large protein, respectively. Genes of each virus of the subfamily 
Paramyxovirus are described generally as follows. In general, NP 
gene may also be indicated as "N gene". 

Paramyxovirus NP P/C/V M F HN L 

Rublavirus NP P/V M F HN (SH) L 

Morbillivirus NP P/C/V M F H - L 

For instance, the accession numbers of each gene of the Sendai 
virus classified as a Respirovirus of Paramyxoviridae in the 
nucleotide sequence database, are M29343, M30202, M30203, M30204, 
M51331, M55565, M69046, and X17218 for NP gene; M30202, M30203, 
M30204, M55565, M69046, X00583, X17007, and X17008 for P gene; 
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D11446, K02742, M30202, M30203, M30204, M69046, U31956, X00584, and 
X53056 for M gene; D00152, D11446, D17334, D17335, M30202, M30203, 
M30204, M69046, X00152, and X02131 for F gene; D26475, M12397, 
M30202, M30203, M30204, M69046, X00586, X02808, and X56131 for HN 
5 gene; and D00053, M30202, M30203, M30204, M69040, X00587, and X58886 
for L gene. 

As used herein, the term "gene" refers to a genetic substance, 
including nucleic acids such as RNA and DNA, which may or may not 
encode a protein. A gene may encode a functional RNA such as ribozyme 

10 or antisense RNA. It can be a naturally occurring sequence or an 
artificially designed sequence. Furthermore, as used herein, the 
term "DNA" includes a single-stranded DNA and a double-stranded DNA. 

The present invention provides a Paramyxovirus vector encoding 
angiogenic gene and use of the same. The present inventors showed 

15 that transgene expression was increased at the administered sites 
where a Paramyxovirus vector encoding an angiogenic gene was 
administrated intramuscularly in vivo. The present inventors 
revealed that necrosis in ischemic tissues could be prevented by the 
administration of a recombinant Paramyxovirus vector encoding an 

20 angiogic gene (FGF2) and loss of the hind limb could be prevented 
in a limb salvage experiment using mice with ischemic hind limbs. 
Vectors of this invention are useful in effectively inducing 
angiogenesis in ischemic tissues and in preventing necrosis, and can 
thus be preferably used for gene therapy for ischemic diseases. 

25 Moreover, the present inventors revealed that genes 

administered intramusculary using recombinant Paramyxovirus vectors 
could be continuously expressed for 1 to 2 weeks. This result 
indicates that gene therapy with angiogenic factors using 
recombinant Paramyxovirus vectors can achieve continuous 

30 therapeutic effects. Moreover, angiogenic factors expressed from 
recombinant Paramyxovirus vectors administered intramuscularly 
could not be detected in the systemic circulatory system and, thus, 
would not cause undesirable effects outside of the target tissues. 
Therefore, the findings of the present invention that Paramyxovirus 

35 vectors have various benefits in angiogenic gene transfer suggest 
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possible great improvement in gene therapy by specifically targeting 
ischemic tissues. 

Since Paramyxovirus vectors are not pathogenic in humans, they 
can be suggested to be preferably utilized in clinical trials of human 
5 gene therapy in view of safety. It is a major obstacle in high 
efficient gene transfer that, in most cases, introduced DNA must be 
transported into the nucleus or nuclear membrane must be eliminated 
for the expression of an exogenous gene via plasmid DNA or such. In 
the case of Sendai virus, however, expression of an exogenous gene 

10 is driven by both cellular tubulin and its RNA polymerase (L protein) 
in the cytoplasm when viruses replicate. This suggests that the 
Sendai virus does not interact with chromosomes of host cells, which 
avoids risks such as cancerization and immortalization of cells. 
Furthermore, the Sendai virus is known to be pathogenic in rodents 

15 causing pneumonia, but not in humans, which is supported by studies 
showing that the intranasal administration of the wild type Sendai 
virus does not do harm in nonhuman primates (Hurwitz J. L. et al., 
Vaccine, 1997, 15, 533-540) . These features suggest that Sendai 
virus vector can be utilized in human therapy, and further, support 

20 the notion that Sendai virus vectors can be one of the promising tools 
in gene therapy with angiogenic genes. 

Angiogenic genes used herein indicate genes encoding factors, 
which have activities to promote angiogenesis and/or vasculogenesis 
directly or indirectly. The factors can be proteins or peptides, 

25 or can be nucleic acids such as functional RNAs (ribozymes or 
antisense RNAs) . Angiogenic proteins include, for example, acidic 
fibroblast growth factor (aFGF) , fibroblast growth factor 2 (FGF2) 
(also called basic fibroblast growth factor (bFGF) ) , vascular 
endothelial growth factor (VEGF) , angiopoietins (Ang) (including 

30 Ang-1 and Ang-2) , epidermal growth factor (EGF) , transforming growth 
factor-a (TGF-a) , TGF-J3, platelet-derived endothelial cell growth 
factor (PD-ECGF), platelet-derived growth factor (PDGF) , tumor 
necrosis factor-a (TNF-a) , hepatocyte growth factor (HGF) , 
insulin-like growth factor (IGF), erythropoietin (EPO) , 

35 colony-stimulating factor (CSF) , macrophage colony-stimulating 
factor (M-CSF) , granulocyte-macrophage colony-stimulating factor 
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(GM-CSF) , interleukin (IL)-8, and nitric oxide synthetase (NOS) 
(Klagsbrun, M. and D' Amore, P., A. Annu. Rev. Physiol. 53: 217-39, 
1991; Folkman, J. and Shing, Y., J. Biol. Chem. 267 (16): 10931-4, 
1992; Symes, J. F. and Sniderman, A. D., Curr. Opin. Lipidol. 5 (4): 
5 305-12, 1994) . 

The preferred angiogenic proteins in the present invention 
include, for example, aFGF, FGF2, Ang-1, Ang-2, EGF, TGF-a, TGF-p, 
PD-ECGF, PDGF, TNF-a, HGF, IGF, EPO, CSF, M-CSF, GM-CSF, IL-8, and 
NOS, and the vectors can be constructed using genes encoding the 

10 proteins selected from the list above. 

Proteins especially preferred among angiogenic proteins used 
in the present invention are not those which induce premature 
angiogenesis by VEGF, but those which achieve angiogenesis in which 
blood vessel is surrounded by parietal cells that are differentiated 

15 from the newly generated endothelial cells attached to mesenchymal 
cells. It is known that vascularization consists of three steps, 
vasculogenesis, angiogenesis, and vascular maturation. 
Observations of various transcription factor-knockout studies 
revealed that maturation in vascularization involves multiple genes. 

20 Specifically, transcription factor SCL/tal-1 is mainly involved in 
vascular formation, and HIF-1, Id, ETS-1, HOXD 3 , COUP-TFII, and MEF2C 
are involved in angiogenesis. Furthermore, it is known that lung 
kruppel-like factor 1 (LKLF) or dHAND gene knock out causes embryonic 
death due to undeveloped parietal cells. 

25 Therefore, angiogenic genes used in the present invention are, 

more preferably, those that induce transcription factors, including 
LKLF and dHAND, involved in parietal cell maturation in premature 
mesenchymal cells. It is predicted that FGF2 stimulation is directly 
involved in the induction of these transcription factors or promotes 

30 proliferation and differentiation of mesenchymal cells through other 
growth factors such as angiopoietin and HGF. 

Angiogenic proteins preferably contain secretion signal 
sequences that allow the secretion of the angiogenic proteins. 
However, proteins, such as FGF2 can be secreted outside of cells 

35 without a native and typical secretion signal sequence (see Example) . 
These proteins do not necessarily require secretion signal 
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sequences- The genes encoding these angiogenic proteins, for 
example, can be obtained by known methods, such as PCR using primers, 
which are designed, based on the nucleotide sequence information. 
An example of the most preferred angiogenic factor used in the present 
5 invention is FGF2, which shows a stable therapeutic effect in a wide 
range of expression levels, (Abraham, J. A. et al., 1986, EMBO J. 
5: 2523-2528; Moscatelli, D. A. et al • , US 4994559; Baird, A. et al., 
US 5155214; Isner, J. M. US 6121246; WO 97/14307). 

Angiogenic genes used for vector construction can be 

10 heterologous or homologous to, preferably homologous to, the target 
individuals for gene transfer in order to achieve a desired effect. 
Furthermore, angiogenic genes used for vector construction are 
preferably mammalian angiogenic genes, preferably human genes for 
application to human. 

15 Paramyxovirus vectors encoding angiogenic genes of the present 

invention is especially effective for the treatment of ischemic 
tissues. Namely, gene transfer of angiogenic genes using the vectors 
of the present invention can promote angiogenesis and prevent 
necrosis due to ischemia. The ischemic tissues used for the present 

20 invention are not limited so long as the tissues show ischemia or 
are developing ischemia. For example, such tissues include muscle, 
brain, kidney, and lung. The ischemic diseases treated by 
administering vectors of the present invention include 
cerebrovascular ischemia, kidney ischemia, lung ischemia, limb 

25 ischemia, ischemic cardiomyopathy, and myocardial ischemia. 
Treatment of ischemic tissues in the present invention includes 
therapy of ischemic tissues or prevention of ischemic obstruction, 
specifically, for example, prevention of necrosis in ischemic 
tissues, sustaining ischemic tissues, promotion of angiogenesis in 

30 ischemic tissues, tissue regeneration, and preventing and decreasing 
obstruction caused by ischemia. 

The present invention provides methods for inducing 
angiogenesis, which comprises the step of administering 
Paramyxovirus vectors encoding angiogenic genes. Moreover, the 

35 present invention provides methods for treating ischemic tissues, 
which comprises the step of administering Paramyxovirus vector 
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encoding angiogenic gene. There is no limitation to the target 
individuals and, for example, a desirable mammal including a human 
can be used. In particular, non-human mammals, such as primates 
including monkeys such as prosimian, platyrrhine monkeys, and 
5 catarrhine monkeys, apes of anthropoid, rodents such as mice, rats, 
and guinea pigs, as well as cows, dogs, cats, horses, sheep, and 
rabbits can be targets for administration. It is possible to treat 
ischemia in the animals using vectors of the present invention and 
also possible to use the animals as ischemia therapy models for humans 

10 (Morinaga, K. et al., 1987, J. Vase. Surg. 5: 719-730; Itoh, H. et 
al., 1994, Atherosclerosis 110: 259-270). 

Specific methods for inducing angiogenesis according to the 
present invention include the following methods: a] a method for 
inducing angiogenesis, which comprises the step of administering a 

15 Paramyxovirus vector encoding an angiogenic gene or a cell containing 
the vector; 

[b] the method of [a] , in which the angiogenic gene is fibroblast 
growth factor 2 (FGF2); 

[c] the method of [a] or [b] , in which the gene is administered 
20 intramuscularly ; and 

[d] the method of any one of [a] to [c] , in which the Paramyxovirus 
is Sendai virus. 

Examples of the methods for treating the ischemic tissues in 
the present invention include the following methods: 
25 [a] a method for treating the ischemic tissues, which comprises the 
step of administering a Paramyxovirus vector encoding an angiogenic 
gene or a cell containing the vector; 

[b] the method of [a] , in which the angiogenic gene is fibroblast 
growth factor 2 (FGF2); 
30 [c] the method of [a] or [b] , in which the gene is administered 
intramuscularly; and 

[d] the method of any one of [a] to [c] , in which the Paramyxovirus 
is Sendai virus. 

Administration can be carried out either in vivo or ex vivo. 
35 For in vivo administration, Paramyxovirus vectors encoding 
angiogenic genes can be injected via administration routes well known 
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to those skilled in the art such as intramuscular injection, 
subcutaneous injection, and catheter administration. For ex vivo 
administration, the vectors are used to pre-transf ect cells in vitro. 
The cells containing the vectors are then injected in vivo by methods 
5 such as intramuscular injection, subcutaneous injection, and 
catheter administration. The cells for transferring vectors in ex 
vivo administration can be either heterologous or homologous to the 
target individuals, but are preferably homologous thereto. Cells 
derived from the target individual are more preferable. Moreover, 

10 the cells are most preferably derived from bone marrow or blood, 
including cells which can form vascular endothelial cells or which 
can be differentiated into vascular endothelial cells, that is, 
vascular endothelial. progenitor cells. Angiogenesis can be induced 
in target tissues into which a pharmaceutically effective dose of 

15 a vector of the present invention is administered. Therefore, it 
is possible to perform treatment for preventing tissue necrosis and 
limb amputation in, for example, ischemic brains, hearts, kidneys, 
lungs, and limbs. 

Furthermore, the present invention provides Paramyxovirus 

20 vectors encoding angiogenic genes to treat ischemic tissues. 
Specifically, the present invention provides: 

[a] a Paramyxovirus vector encoding an angiogenic gene for treating 
an ischemic tissue; 

[b] the vector of [a], in which the angiogenic gene is fibroblast 
25 growth factor 2 (FGF2); 

[c] the vector of [a] or [b] , in which the vector is used for 
intramuscular administration; and 

[d] the vector of any one of [a] to [c] , in which Paramyxovirus is 
Sendai virus. 

30 Moreover, the present invention provides compositions, 

comprising Paramyxovirus vectors for treating ischemic tissues. The 
compositions can include pharmaceutically acceptable carriers in 
addition to Paramyxovirus vectors. For example, the vectors of the 
present invention can be formulated into injections with 

35 physiological solutions or into implants with solid or semisolid 
(gel) materials. 
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Paramyxovirus vectors used for angiogenic gene transfer 
according to the present invention is not particularly limited. For 
instance, preferable Paramyxovirus vectors include vectors that are 
able to replicate and autonomously proliferate. In general, for 
5 example, the genome of wild type Paramyxoviruses contain a short 3' 
leader region followed by six genes encoding nucleocapsid (N) , 
phospho (P), matrix (M) , fusion (F), hemagglutinin-neuraminidase 
(HN) , and large (L) proteins, and has a short 5' trailer region on 
the other terminus. Vectors of the present invention that are able 

10 to replicate autonomously can be obtained by designing a genome 
having a similar structure to that as described above. In addition, 
a vector for expressing an exogenous gene can be obtained by inserting 
an exogenous gene to the genome of the above vector. Paramyxovirus 
vectors of the invention may have an altered alignment of virus genes, 

15 compared with wild type viruses. 

Paramyxovirus vectors of the present invention may have any 
deletion of the genes that are contained in the wild-type 
Paramyxovirus. For instance, when Sendai virus vectors are 
reconstituted, proteins encoded by NP, P/C, and L genes are thought 

20 to be required in trans, but the genes themselves may not be a 
component of virus vectors of the present invention. For example, 
an expression vector carrying genes encoding the proteins may be 
co-transf ected into host cells with another expression vector 
encoding the vector genome to reconstitute a vector. Alternatively, 

25 an expression vector encoding the virus genome is introduced into 
host cells carrying genes encoding the proteins, and then the vector 
can be reconstituted by using the proteins derived from the host cell. 
The amino acid sequence of these proteins may not be identical to 
those derived from the or.iginal virus as long as it has an equivalent 

30 or higher activity in nucleic acid transfer, and may be mutated or 
replaced with that of a homologous gene of another virus. 

Proteins encoded by M, F, and HN genes are thought to be 
essential for cell-to-cell propagation of a Paramyxovirus vector. 
However, these proteins are not required when a Paramyxovirus vector 

35 is prepared as RNP. If genes M, F, and HN are components of the genome 
contained in RNP, products of these genes are produced when 
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introduced into host cells, and virus particles having infectivity 
are generated. RNP vectors that produce an infective virus include, 
for example, a viral genomic RNA encoding N, P, M, F, HN, and L genes 
and N, P, and L proteins. When such RNP is introduced into cells, 
5 virus genome is expressed and replicated through functions of N, P, 
and L proteins, and thus infective virus vectors are amplified. 

RNP can be introduced into cells as a complex with, for example, 
lipof ectamine and polycationic liposome. Specifically, a variety 
of transfection reagents can be used, for instance, DOTMA 

10 (Boehringer), Superfect (QIAGEN #301305), DOTAP, DOPE, and DOSPER 
(Boehringer #1811169) . Chloroquine may be added to prevent 
degradation in the endosome (Calos M. P., Proc. Natl. Acad. Sci . USA, 
1983, 80, 3015) . For replicative viruses, the produced viruses can 
be amplified or passaged by re-infecting into cultured cells, chicken 

15 eggs, or animals (e.g. mammalian such as mice). 

Paramyxovirus vectors lacking the M, F, and/or HN genes are also 
used preferably as Paramyxovirus vectors of the present invention. 
These virus vectors can be reconstituted by providing deleted gene 
products exogenously. Such vectors can still adhere to host cells 

20 and induce cell fusion like the wild-type virus. However, daughter 
virus particles do not have the same infectivity as the parent ones 
because the vector genome introduced into cells lacks one or more 
of these genes. Therefore, these vectors can be useful as safe virus 
vectors that are capable of only a single gene transfer. 

25 Specifically, genes deleted from the genome may be F and/or HN genes. 
"Gene-def icient" is defined as substantial loss of gene function, 
and, when a deficient gene encodes. a protein, the gene-deficient 
mutant does not express any protein having a function equivalent to 
the wild type protein. For example, being deficient in one or more 

30 genes can be achieved by no transcription of the gene(s), 
loss-of-f unction mutants, and deletin of the genes. Gene-deficient 
means that, preferably, at least a part of the coding region, more 
preferably, the entire coding region of the gene is deficient. For 
example, F gene-deficient vectors are vectors deficient in, 

35 preferably, a part of the F protein-coding region, more preferably, 
the entire F protein-coding region. Still more preferably, F 
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gene-deficient vectors of the present invention lack the start signal 
sequence in the 3' flanking site of the F gene, which is deficient 
in the negative chain in the genome. Therefore, unnecessary 
polypeptides expression from the deficient area can be suppressed. 
5 When the open reading frame (ORF) encoding unnecessary polypeptides 
exist in the deficient region, it is desirable to remove the ORF by 
methods such as site-directed mutagenesis (described later) . 

For preparing F gene-deficient vectors, virus vectors can be 
reconstituted by co-transf ection of an expression plasmid encoding 

10 the genome of a recombinant Paramyxovirus lacking the F gene, with 
an expression vector for the F protein, and that for NP, P/C, and 
L proteins into host cells (International Publication numbers WO 
00/70055 and WO 00/70070) . Alternatively, host cells in which the 
F gene is integrated into the chromosome may be used. The amino acid 

15 sequence of these proteins provided exogenously may not be identical 
to those of the wild type and may be mutated or replaced by a 
homologous protein of another virus as long as they provide 
equivalent or higher gene transfer activity. 

The envelope protein of Paramyxovirus vectors of the invention 

20 may contain another protein than the envelope protein of the original 
vector genome. There is no limitation on such proteins. These 
include envelope proteins of other viruses such as the G protein 
(VSV-G) of the vesicular stomatitis virus (VSV) . Thus, Paramyxovirus 
vectors of the invention include a pseudo-type virus vector that has 

25 an envelope protein derived from a virus different from the original 
virus . 

Paramyxoviral vectors of the present invention may also 
comprise, for example, on the viral envelop surface, proteins capable 
of adhering to particular cells, such as adhesion factors, ligands 

30 and receptors or chimeric proteins comprising a protein described 
above on the outer surface and viral envelop-derived polypeptides 
inside the virus. It enables the production of a vector targeting 
a particular tissue. These proteins may be encoded by the virus 
genome itself, or supplied at the time of virus reconstitution 

35 through expression of genes other than virus genome (for example, 
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genes derived from another expression vector or host cell 
chromosome) . 

The virus genes contained in the vector of the present invention 
may be altered, for example, to reduce antigenicity or enhance RNA 
5 transcription efficiency or replication efficiency. Specifically, 
it is possible to alter at least one of the NP, P/C, and L genes, 
which are genes of replication factors, to enhance transcription or 
replication. It is also possible to alter the HN protein, a 
structural protein having hemagglutinin activity and neuraminidase 

10 activity, to enhance the virus stability in blood by weakening the 
former activity and to regulate infectivity by altering the latter 
activity. It is also possible to alter the F protein, which is 
implicated in membrane fusion, to regulate its fusion ability. 
Furthermore, it is possible to analyze the antigen presenting 

15 epitopes and such of possible antigenic molecules on the cell surface 
such as the F protein and HN protein and use them to generate a 
Paramyxovirus vector that is engineered to have weak antigen 
presenting ability . 

Paramyxovirus vectors of the present invention may also lack 

20 accessory genes. For example, the disruption of the V gene, one of 
the accessory genes of SeV, results in reduction of pathogenicity 
of SeV toward hosts such as mouse without affecting gene expression 
and replication in cultured cells (Kato, A. et al. 1997. J. Virol. 
71:7266-7272; Kato, A. et al. 1997. EMBO J. 16:578-587; Curran, J. 

25 et al., WO 01/04272, EP 1067179). Such attenuated vectors are 
particularly suitable as in vivo or ex vivo gene transfer vectors. 

Viral vectors of the present invention encode angiogenic genes 
in its genomic RNA. Recombinant Paramyxovirus vector comprising 
exogenous genes can be prepared by inserting exogenous genes into 

30 the above-mentioned Paramyxovirus vector genome. An exogenous gene 
can be a desired angiogenic gene to be expressed in target tissues, 
such as ischemic tissues, for vector transfer. The exogenous gene 
may encode a naturally occurring protein, or a modified protein 
prepared by modifying the original protein by deletion, substitution, 

35 or insertion, as long as the modified protein is functionally 
equivalent to the naturally occurring protein. For instance, for 
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the purpose of gene therapy and such, a gene used to treat a target 
disease may be inserted into the DNA (virus vector DNA) encoding the 
genome of the virus vector. In the case of inserting an exogenous 
gene into virus vector DNA, such as Sendai virus vector DNA, a 
5 sequence comprising nucleotides of multiples of six is desirably 
inserted between the transcription end sequence (E) and the 
transcription start sequence (S) (Calain P. and Roux L., J. Virol., 
1993, 67(8), 4822-4830) . An exogenous gene can be inserted, upstream 
and/or downstream of each of the virus genes (NP, P, M, F, HN, and 

10 L genes) . In order not to interfere with the expression of upstream 
and downstream genes, an E-I-S sequence (transcription end 
sequence-intervening sequence-transcription start sequence) or a 
portion of it may be suitably placed upstream or downstream of an 
exogenous gene so that E-I-S sequence is located between each gene. 

15 Alternatively, an exogenous gene can be inserted via IRES sequence. 

Expression level of inserted exogenous genes can be regulated 
by the type of transcription start sequence that is attached to the 
upstream of the genes (WO 01/18223) . It also can be regulated by 
the position of insertion and the sequence surrounding the gene. In 

20 the Sendai virus, for instance, the closer to the 3' -terminus of the 
negative strand RNA of the virus genome (the closer to NP gene in 
the gene arrangement on the wild type virus genome) the insertion 
position is, the higher the expression level of the inserted gene 
will be. To achieve a high expression of an exogenous gene, it is 

25 preferably inserted into the upstream region of the negative stranded 
genome such as the upstream of the NP gene (3' flanking sequence on 
the negative strand), or between NP and P genes. Conversely, the 
closer to the 5' -terminus of the negative strand RNA (the closer to 
L gene in the gene arrangement on the wild type virus genome) the 

30 insertion position is, the lower the expression level of the inserted 
gene will be. To reduce the expression of an exogenous gene, it may 
be inserted into the most 5' position on the negative strand, that 
is, downstream of the L gene in the wild type virus genome (5' flanking 
region of the L gene on the negative strand) or upstream of the L 

35 gene (3' flanking region of L gene on the negative strand) . Thus, 
the insertion position of an exogenous gene can be properly adjusted 
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to obtain a desired expression level of the gene or optimize the 
combination of the insert with the virus genes surrounding it. For 
instance, if the overexpression of an angiogenic gene introduced by 
a high-titer virus vector may cause toxicity, it is possible not only 
5 to control the titer of viruses to be administered but also to reduce 
the expression level of individual virus vectors by designing the 
insertion position of the angiogenic gene closer to the 5' -terminus 
of the negative strand, or replacing the transcription start sequence 
with one having lower efficiency so as to obtain an appropriate 
10 effect. 

To help the easy insertion of an exogenous gene, a cloning site 
may be designed at the position of insertion. For example, the 
cloning site may be the recognition sequence of restriction enzymes. 
The restriction sites in the vector DNA encoding viral genome can 

15 be used to insert an exogenous gene. The cloning site may be a 
multicloning site that contains recognition sequences for multiple 
restriction enzymes. The vector of the present invention may have 
other exogenous genes at positions other than that used for above 
insertion. Such exogenous gene may be, without limitation, an 

20 angiogenic gene or another gene. 

Construction of a recombinant Sendai virus vector having an 
exogenous gene can be performed as follows, for example, according 
to the method described in Hasan, M. K. et al., J. Gen. Virol., 1997, 
78: 2813-2820, Kato A. et al., EMBO J., 1997, 16: 578-587, and Yu 

25 D. et al., Genes Cells, 1997, 2: 457-466. 

First, a DNA sample containing a cDNA nucleotide sequence 
encoding a desired exogenous gene is prepared. It is preferable that 
the concentration of the DNA sample is 25 ng/jjl or higher and that 
it can be detected as a single plasmid by electrophoresis. The 

30 following description is an example where an exogenous gene is 
inserted into the NotI site of virus genomic DNA. If the target cDNA 
sequence contains a NotI recognition site, the site is desirably 
removed in advance by altering the nucleotide sequence using the 
known method such as site-directed mutagenesis while maintaining the 

35 encoded amino acid sequence. A desired DNA fragment is amplified 
by PCR from the DNA sample. In order to obtain a fragment having 
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NotI sites at both ends and to add a single copy of the transcription 
end sequence (E) , intervening sequence (I), and transcription start 
sequence (S) of the Sendai virus (EIS sequence) to one end, 
synthesized DNA sequences (primer pair) , namely, a pair of a forward 
5 primer (sense strand) comprising a part of the desired gene, and a 
reverse primer (antisense) comprising a NotI recognition site, E, 
I, and S sequences, and part of the desired gene, is prepared. 

For example, the forward synthetic DNA sequence contains two 
or more nucleotides at the 5' -terminus to ensure digestion with NotI 

10 (preferably 4 nucleotides not containing a sequence derived from the 
NotI recognition site, such as GCG and GCC; more preferably ACTT) . 
To the 3' -terminus of the sequence, the NotI recognition sequence 
GCGGCCGC is added. Furthermore, to the 3' -terminus, as a spacer, 
any 9 nucleotides or those of 9 plus multiples of 6 are added. 

15 Furthermore, to the 3' -terminus, a sequence of approximately 25 
nucleotides corresponding to the ORF of the desired cDNA starting 
from the initiation codon ATG is added. The 3' -terminus of the 
forward synthetic oligo DNA containing approximately 25 nucleotides 
of the desired cDNA is preferably selected so that the last nucleotide 

20 is G or C. 

The reverse synthetic DNA sequence contains two or more 
nucleotides at the 5' -terminus (preferably 4 nucleotides not 
containing a sequence derived from the NotI recognition site, such 
as GCG and GCC; more preferably ACTT). To the 3' -terminus of the 

25 sequence, the NotI recognition sequence GCGGCCGC is added. 
Furthermore, to the 3' -terminus, a spacer oligo DNA is added to adjust 
the length of the primer. The length of the oligo DNA is designed 
so that.it is a multiple of 6 nucleotides including the NotI 
recognition sequence GCGGCCGC, the sequence complementary to the 

30 cDNA, and the EIS sequence derived from the Sendai virus genome as 
described below (so-called "rule of six"; Kolakofski D. et al., J. 
Virol., 1998, 72, 891-899; Calain P. and Roux L., J. Virol., 1993, 
67, 4822-4830). Furthermore, to the 3' -terminus of the added 
sequence, complementary sequences to the S sequence of the Sendai 

35 virus, preferably 5' -CTTTCACCCT-3' (SEQ ID NO: 1), to the I sequence, 
preferably 5'-AAG-3', and to the E sequence, preferably 
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5' -TTTTTCTTACTACGG-3' (SEQ ID NO: 2) are added. Finally, to the 
3' - terminus, a sequence, which is selected so that the last 
nucleotide of the complementary sequence of the desired cDNA becomes 
G or C, is added, where the last nucleotide is approximately 25 
5 nucleotides upstream from the termination codon. Thus, the 
3'-teminus of the reverse synthetic oligo DNA is prepared. 

PCR can be performed by a common method using, for example, ExTaq 
polymerase (TaKaRa) . Vent polymerase (NEB) may be used preferably, 
and the amplified fragment is digested with NotI, and inserted into 

10 the NotI site of the plasmid vector pBlues'cript . The nucleotide 
sequence of the obtained PCR product is checked with an automated 
DNA sequencer, and a plasmid having the correct sequence is selected. 
The insert is excised from the plasmid by NotI digestion, and 
subcloned into the NotI site of the plasmid comprising Paramyxovirus 

15 genomic cDNA. Alternatively, the PCR products may be directly cloned 
into the NotI site without using pBluescript plasmid vector to obtain 
recombinant Sendai virus cDNA. 

For example, recombinant Sendai virus genomic cDNA can be 
constructed according to the methods described in literatures (Kato, 

20 A. et al., EMBO J. 16: 578-598, 1997; Hasan, M. K. et al., J. Gen. 
Virol., 78: 2813-2820, 1997; Yu, D. et al . , Genes Cells, 1997, 2, 
457-466; and Li, H. O. et al . , J. Virology 74, 6564-6569, 2000). For 
example, a 18-bp spacer sequence containing the NotI site 
(5' - (G) -CGGCCGCAGATCTTCACG-3' ; SEQ ID NO: 3) is inserted into an 

25 adjacent gene locus of a cloned Sendai virus genomic cDNA (pSeV(+)) 
between the leader sequence and the 5' -terminus of a sequence 
encoding the N protein, and the plasmid pSeV18 + b( + ) containing a 
self-cleavable ribozyme site derived from the antigenomic strand of 
the hepatitis delta virus is obtained (Hasan M. K. et al., J. General 

30 Virol. , 1997, 78, 2813-2820) . An exogenous gene fragment is inserted 
into the NotI site of pSeV18 + b(+) to obtain a recombinant Sendai virus 
cDNA into which a desired exogenous gene has been inserted. 

The recombinant Paramyxovirus vector prepared as described 
above is transcribed in vitro or intracellularly , and RNP is 

35 reconstituted in the presence of viral L, P, and NP proteins to 
produce a viral vector comprising the RNP. The present invention 
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provides a method for producing a Paramyxovirus vector encoding an 
angiogenic gene, the method comprising the steps of. transcribing DNA 
encoding the Paramyxovirus vector genome intracellulary, in the 
presence of proteins that allow for transcription and replication 
5 of the genome, and recovering Paramyxovirus vector products. The 
proteins that allow for transcription and replication of 
Paramyxovirus vector genome include, for example, N, L, and P 
proteins. The present invention also provides DNA for producing a 
Paramyxovirus vector of the present invention, wherein said DNA 

10 comprises the above-mentioned DNA. The present invention also 
relates to the use of DNA encoding' the vector genome, for producing 
Paramyxovirus vectors of the present invention. Reconstitution of 
a virus from virus vector DNA can be performed according to the known 
methods (WO 97/16539; WO 97/16538; Durbin A. P. et al., Virol., 1997, 

15 235, 323-332; Whelan S. P. et al., Proc. Natl. Acad. Sci. USA, 1995, 
92, 8388-8392; Schnell M. J. et al., EMBO J., 1994, 13, 4195-4203; 
Radecke F. et al . , EMBO J. , 1995, 14, 5773-5784 ; Lawson N . D. et al., 
Proc. Natl. Acad. Sci. USA, 1995, 92, 4477-4481; Garcin D. et al., 
EMBO J., 1995, 14, 6087-6094; Kato A. et al., Genes Cells, 1996, 1, 

20 569-579; Baron M. D. and Barrett T . , J. Virology, 1997, 71, 1265-1271; 
Bridgen A. and Elliott R. M., Proc. Natl. Acad. Sci. USA, 1996, 93, 
15400-15404) . These methods enable the reconstitution of desirable 
Paramyxovirus vectors including the parainfluenza virus, vesicular 
stomatitis virus, rabies virus, measles virus, rinderpest virus, and 

25 Sendai virus vectors from DNA. If the F, HN, and/or M genes are 
deleted from the virus vector DNA, infective virus particles will 
not be formed. However, it is possible to generate infective virus 
particles by introducing these deleted genes and/or genes encoding 
an envelope protein from another virus into the host cells and 

30 expressing them. 

Methods for introducing vector DNA into cells may include (1) 
a method for forming DNA precipitates that can be incorporated into 
desired cells, (2) a method for making a complex that comprises 
positively charged DNA, that is suitable for being incorporated into 

35 desired cells and that has low cytotoxicity, and (3) a method for 
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instantaneously opening a pore large enough for DNA to pass through 
in the desired plasma membrane using an electrical pulse. 

A variety of transfection reagents can be used in (2), for 
instance, including DOTMA (Boehringer) , Superfect (QIAGEN #301305) , 
5 DOTAP, DOPE, and DOSPER (Boehringer #1811169) . For (1), transfection 
using calcium phosphate can be used. In this method, DNA incorporated 
by cells is taken up into phagocytic vesicles, but it is known that 
a sufficient amount of DNA is also taken up into the nucleus (Graham 
F. L. and van Der Eb J., Virology, 1973, 52, 456; Wigler M. and 

10 Silverstein S., Cell, 1977, 11, 223). Chen and Okayama studied the 
optimization of the transfer technology and reported (1) that maximal 
efficiency is obtained when cells and precipitates are incubated 
under 2% to 4% C0 2 at 35°C for 15 hr to 24 hr, (2) that circular DNA 
has higher activity than linear DNA, and (3) that the optimal 

15 precipitates are formed when the DNA concentration in the mixed 
solution is 20 jig/ml to 30 ng/ml (Chen C. and Okayama H., Mol. Cell. 
Biol., 1987, 7, 2745). The method of (2) is suitable for transient 
transfection. More classically, a transfection method in which 
DEAE-dextran (Sigma #D-9885 M. W. 5x 10 5 ) is mixed with DNA at a 

20 desired concentration ratio is known. Because most complexes are 
degraded in the endosome, chloroquine may be added to enhance the 
transfection efficiency (Calos M. P., Proc. Natl. Acad. Sci. USA, 
1983, 80, 3015) . The method of (3), called electroporation, may be 
more broadly applied than the methods of (1) and (2) because it can 

25 be used for any kind of cells. The transfection efficiency can be 
maximized by optimizing the duration of pulse currents, the form of 
pulse, the strength of the electrical field (gap between electrodes, 
and voltage) , conductivity of buffer, DNA concentration, and cell 
density . 

30 In the present invention, transfection reagents are suitably 

used because, among the above three methods, the method of (2) is 
easy to perform and enables the testing of a large number of samples 
using a large amount of cells. Preferable transfection reagents 
include, the Superfect Transfection Reagent (QIAGEN, Cat No. 301305) 

35 and the DOSPER Liposomal Transfection Reagent (Boehringer Mannheim, 
Cat No. 1811169), but are not limited thereto. 
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Specif ically, the reconstitut ion from cDNA is performed as 
follows . 

LLC-MK2, a cell line derived from a monkey kidney, is cultured 
in a 24-well to 6-well plastic plate or in a 100-mm petri dish in 
5 minimum essential medium (MEM) containing 10% fetal calf serum (FCS) 
and an antibiotic (100 units/ml penicillin G and 100 jig/ml 
streptomycin) to be 70% to 80% confluent. Cells are then infected, 
for instance, at 2 pfu/cell with recombinant vaccinia virus vTF7-3 
that expresses T7 polymerase, which has been inactivated by a 

10 20-minute UV exposure in the presence of 1 jag/ml psoralen (Fuerst T. 
R. etal., Proc. Natl. Acad. Sci. USA, 1986, 83, 8122-8126; and Kato. 
A. et al., Genes Cells, 1996, 1, 569-579). The amount of psoralen 
and the duration of UV exposure can be optimized. One hour after 
infection, cells are transfected by, for example, lipofection using 

15 Superfect (QIAGEN) with 2 \xq to 60 jag of, or more preferably 3 \x,q to 
5 jig of the above recombinant Sendai virus cDNA together with 
expression plasmids for virus proteins (24-0.5 jag pGEM-N, 12-0.25 jag 
pGEM-P, and 24-0.5 |ng pGEM-L, or more preferably 1 jag pGEM-N, 0 . 5 jag 
pGEM-P, and 1 jag pGEM-L) (Kato. A. et al., Genes Cells, 1996, 1, 

20 569-579) that function in trans and are required for producing a 
full-length Sendai virus genome. The transfected cells are cultured 
in serum-free MEM containing, if desired, 100 jxg/ml rifampicin 
(Sigma) and cytosine arabinoside (AraC) (Sigma) , more preferably 40 
jig /ml arabinoside alone, so that the drug concentration is adjusted 

25 to be optimal to minimize the cytotoxicity of the vaccinia virus and 
maximize the recovery of virus (Kato. A. et al., Genes Cells, 1996, 
1, 569-579) . Cells are cultured for 48 hr to 72 hr after transf ection, 
then collected and lysed through three cycles of f reeze-thawing . The 
cell lysates are transfected into LLC-MK2 cells, and after a 3-day 

30 to 7-day culture, the culture medium is collected. To reconstitute 
a virus vector lacking a gene encoding an envelope protein that is 
incapable of replication, the vector may be transfected into LLC-MK2 
cells expressing an envelope protein, or co-transf ected with 
expression plasmid for the envelope protein. Alternatively, 

35 transfected cells can be overlaid and cultured on LLC-MK2 cells 
expressing envelope protein to propagate a deletion virus vector (see 



WO 02/42481 



27 



International Publication Numbers WO 00/70055 and WO 00/70070) . The 
virus titer of the culture medium can be determined by measuring 
hemagglutinin activity (HA) . The HA may be determined by "endo-point 
dilution" (Kato. A. et al., Genes Cells, 1996, 1, 569-579; Yonemitsu 
5 Y. and Kaneda Y., Hemagglutinating virus of Japan-liposome-mediated 
gene delivery to vascular cells., Molecular Biology of Vascular 
Diseases. Methods in Molecular Medicine, Ed. by Baker A. H., Humana 
Press, 1999, 295-306) . To eliminate the possible contamination of 
vaccinia virus vTF7-3, the obtained allantoic fluid sample may be 

10 diluted appropriately (10 6 times for instance) and re-amplified in 
chicken eggs. Re-amplification may be repeated, for example, three 
times or more. The obtained virus stock can be stored at -80 °C. 

Host cells for viral reconstitution are not limited to any 
special types of cells as long as the virus vector can be 

15 reconstituted in the cells. Host cells may include monkey 
kidney-derived cells such as LLC-MK2 cells and CV-1 cells, cultured 
cell lines such as BHK cells derived from a hamster kidney, and 
human-derived cells. Furthermore, to obtain a large quantity of the 
Sendai virus vector, embryonated chicken eggs may be infected with 

20 virus vectors obtained from the above host cells and the vectors can 
be amplified. The method of producing virus vectors using chicken 
eggs has been established (Advanced protocols in neuroscience study 
III, Molecular physiology in neuroscience., Ed. by Nakanishi et al., 
Kouseisha, Osaka, 1993, 153-172) . Specifically, for example, 

25 fertilized eggs are incubated for 9 days to 12 days at 37°C to 38°C 
in an incubator to grow the embryos. Virus vectors are inoculated 
into the allantoic cavity, and eggs are further incubated for several 
days to propagate the vectors. Conditions such as the duration of 
incubation may vary depending on the type of recombinant Sendai virus 

30 used. Then, the allantoic fluids containing viruses are recovered. 
Sendai virus vector is separated and purified from the allantoic 
fluid sample according to the standard method (Tashiro M., Protocols 
in virus experiments., Ed. by Nagai and Ishihama, MEDICAL VIEW, 1995, 
68-73) . Moreover, trypsin resistant cells (for example, cells such 

35 as LLC-MK2) are preferred for the mass production of F gene-deficient 
Sendai virus. 
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The construction and the preparation of Sendai virus vectors 
deficient in F gene can be performed, for example, as follows (see 
WO00/70055 and WO00/70070) . 

5 1. Construction of cDNA encoding F gene-deficient Sendai virus genome 
for cloning endogenous genes. 

Full-length Sendai virus (SeV) genomic cDNA, pSeV18 + b(+) 
(Hasan, M. K. et al., J. Gen. Virol. 78, 2813-2820, 1997) 
("pSeV18 + b (+) " is also referred to as "pSeV18 + "), is digested with 

10 Sphl/Kpnl and the digested fragment (14673 bp) is recovered. The 
fragment is subcloned into pUC18 to obtain the plasmid pUC18/KS. 
Construction of F gene-deficient regionis performed using pUC18/KS 
with a combination of PCR and ligation techniques. F gene-deficient 
SeV genomic cDNA (pSeV18 + /AF) is constructed by removing the F gene 

15 ORF (ATG-TGA= 1698 bp) and filling in the gap with atgcatgccggcagatga 
(SEQ ID NO: 4). In PCR, primer pairs consisting of forward: 5'- 
gttgagtactgcaagagc (SEQ ID NO: 5) and reverse: 5'- 
tttgccggcatgcatgtttcccaaggggagagttttgcaacc (SEQ ID NO: 6) are used 
in the upstream of F gene, and primer pairs consisting of forward: 

20 5'- atgcatgccggcagatga (SEQ ID NO: 7) and reverse: 5'- 
tgggtgaatgagagaatcagc (SEQ ID NO: 8) are used in the downstream of 
F gene. The PCR products are then ligated to the EcoT22l site. The 
thus-obtained plasmid is digested with SacI and Sail and the fragment 
(4931 bp) which contains the F gene-deficient region is subcloned 

25 into pUC18 to give pUC18/dFSS. This pUC18/dFSS is digested with 
Drain and the digested fragment is recovered. The fragment is 
replaced with a F gene-containing Drain fragment of pSeV18 + to 
construct plasmid pSeV18 + /AF. 

The EIS sequence (SeV specific sequence, E, end; I, intergenic; 

30 S, start) of the F gene remains in the construct and the construct 
may express polypeptides consisting of 5 amino acids derived from 
the primer used to connect the gap even though the downstream ORF 
of the F gene is removed. 

The insertion of exogenous genes into the F gene-deficient 

35 region can be achieved using Nsil and NgoMIV restriction enzyme sites 
that are located at the F gene-deficient region in pUC18/dFSS. In 
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order to clone exogenous genes into the region, for example, 
exogenous gene fragments can be amplified using an Nsil-tailed primer 
and an NgoMIV-tailed primer. 

For example, EGFP gene is amplified first by PCR to construct 
5 a cDNA containing the EGFP gene (pSeV18 + /AF-GFP) . In order to adjust 
the number of nucleotides of the EGFP gene fragment to contain a 
multiple of 6 (Hausmann, S. et al . , RNA 2, 1033-1045, 1996), PCR is 
performed using Nsil-tailed primer (5'- 

atgcatatggtgatgcggttttggcagtac /SEQ ID NO: 9) as the 5' end primer 

10 and NgoMIV-tailed primer (5'- tgccggctattattacttgtacagctcgtc /SEQ 
ID NO: 10) as the 3' end primer. The PCR product is digested with 
restriction enzymes Nsil and NgoMIV and the fragment is recovered 
from a gel. The fragment is subcloned into the F gene-deficient 
region in pUC18/dFSS using Nsil and NgoMIV restriction enzyme sites 

15 and the sequence is confirmed. The Drain fragment containing the 
EGFP gene is then recovered, replaced with the F gene-containing 
Drain fragment of pSeV18 + , and ligated to obtain pSeV18 + /AF-GFP . 

The insertion of exogenous genes into the upstream of the NP 
gene is achieved using the restriction enzyme NotI recognition site 

20 located in pSeV18 + /AF or pSeV18 + /AF-GFP . However, pSeV18 + /AF has a 
sequence that may express a 5-amino acid peptide derived from the 
primer used to connect to the F gene-deficient region. Moreover, 
GFP is co-expressed by pSeV18 + /AF-GFP . Therefore, the gene 
constructs are prepared as follows so that the peptides or GFP are 

25 not expressed, if it is necessary. 

The fragment (6288 bp) which contains the F gene-deficient 
region is recovered by digesting pSeV18 + /AF-GFP with Sail and Nhel 
and subcloned into Litmus 38 (New England Biolabs, Beverly, MA) to 
obtain LitmusSallNhelf rg/AF-GFP . Deletion of the EGFP gene 

30 containing the EIS sequence upstream of the F gene, which has been 
deleted, is conducted by the inverse PCR method. PCR is performed 
using a reverse primer (5'- gtttaccaggtggagagttttgcaaccaagcac /SEQ 
ID NO: 11) which is designed to contain the restriction enzyme SexAI 
recognition sequence upstream of the GFP gene and a forward primer . 

35 (5'- ctttcacctggtacaagcacagatcatggatgg /SEQ ID NO: 12) which is 
designed to contain the restriction enzyme SexAI recognition 
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sequence downstream of the GFP gene. The preferable sized fragment 
(10855 bp) is excised and ligated to delete the EGFP gene containing 
the EIS sequence upstream of the F gene, which has been deleted. 

The resulting construct has an extra 15-bp sequence between the 
5 two SexAI sites due to the primer design. Therefore, the plasmid 
is used to transform E. coli SCS110 strain ( dcm~ / dam' SCS110 strain 
is used because SexAI is methylated and cannot be digested with it) . 
The plasmid is digested with restriction enzyme SexAI and two gene 
fragments, 1628 bp and 9219 bp, are recovered and ligated to remove 
10 the extra 15-bp fragment contained in LitmusSallNhelf rg/AF (A5aa) , 
in which the EGFP gene containing the EIS sequence upstream of the 
F gene and having the multiple of 6 numbers of nucleotides is deleted. 
The plasmid is digested with Sail and Nhel and the fragment is 
recovered, replaced with Sall/Nhel fragment, which contains the F 
15 gene from pSeV18 + , and ligated to obtain plasmid pSeV18 + /AF (A5aa) . 

Insertion of an exogenous gene into the plasmid is performed, 
for example, using the recognition sequence of restriction enzyme 
NotI located upstream of the NP gene. 

20 2. Construction of cDNA encoding F gene-deficient Sendai virus genome 
containing hFGF2 gene 

Various methods are known for obtaining human FGF2 (hFGF2) cDNA. 
For example, RT-PCR is performed to isolate cDNA using vascular 
smooth muscle cells obtained from the human great saphenous vein with 

25 a patient's consent. The hGFG2 cDNA is then prepared by subcloning 
the amplified product into pBluescriptSK+ (Stratagene, La Jolla, CA) 
at Hindlll (5' end) and EcoRI (3' end) . The hFGF2 cDNA sequence can 
be confirmed by comparing with that in the report by Abraham et al. 
(Abraham, J. A. et al . , EMBO J. 5 (10), 2523-2528, 1986). 

30 In order to insert the hFGF2 gene at the restriction enzyme NotI 

site located upstream of the NP gene, the hFGF2 gene fragment can 
contain the SeV specific sequence (EIS sequence) at its 3' end, and 
NotI recognition sequences at its both ends. Specifically, PCR is 
performed using the hFGF2 cDNA as a template and N-terminus primer 

35 (5'- 

atccgcggccgccaaagttcacttatggcagccgggagcatcaccacgctgcccgccttgcccg 
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aggatggcggcagcggcgcc /SEQ ID NO: 13) containing a start codon and 
C-terminus primer (5'- 

atccgcggccgcgatgaactttcaccctaagtttttcttactacggtcagctcttagcagacat 
tggaagaaaaagtatagc /SEQ ID NO: 14) containing a stop codon region 
5 and the EIS sequence. The amplified fragment is digested with NotI 
and then subcloned into pBluescriptSK+ (Stratagene, La Jolla, CA) 
to obtain pBS-hFGF2 . The nucleotide sequence is confirmed and, in 
case the gene contains mutations, mutations are corrected using, for 
example, QuickChange™ Site-directed Mutagenesis Kit (Stratagene, La 

10 Jolla, CA) according to the attached protocol. The fragment 
containing hFGF2 cDNA is obtained by digesting pBS-hFGF2 with NotI 
and inserted into pSeV18 + /AF (A5aa) at the NotI site located upstream 
of the NP gene to construct F gene-deficient Sendai virus genomic 
cDNA containing hFGF2 gene, pSeV18 + hFGF2/AF (A5aa) . Hereafter, 

15 pSeV18 + hFGF2/AF (A5aa) is also indicated as pSeV18 + hFGF2/AF. 

3. Construction of F expression plasmid 

Plasmid pCALNdLw (Cre/ loxP inducible expression plasmid; Arai, 
T. et al., J. Virol. 72 (2), 1115-1121, 1998), which is designed to 
20 induce the expression of gene products by Cre DNA recombinase, can 
be used to express the Sendai virus F gene (SeV-F) . The fragment 
(1783 bp) containing the SeV-F gene is isolated by digesting pUC18/KS 
with Styl and BstUI, blunt ended, and inserted into pCALNdLw at a 
unique Swal site to construct the F expression plasmid pCALNdLw/F. 

25 

4. Preparation of helper cell line, which inducibly expresses SeV-F 
protein 

A helper cell line,' which expresses SeV-F protein, is 
established to recover infectious virus particles from the F 

30 gene-deficient genome. For example, cells can be obtained from 
LLC-MK2 cells, monkey kidney-derived cell line, which is often used 
for SeV propagation. LLC-MK2 cells are cultured in MEM containing 
10% heat inactivated fetal bovine serum (FBS) , 50 U/ml Sodium 
Penicillin G and 50 jig/ml Streptomycin in an atmosphere containing 

35 5% C0 2 at 37 °C. The plasmid, pCALNdLw/F, which is designed to induce 
the expression of the F gene product by Cre DNA recombinase, is 
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transferred into LLC-MK2 cells using the Calcium Phosphate method 
with Mammalian Transfection Kit (Stratagene, La Jolla, CA) according 
to protocols known to those skilled in the art. 

Specifically, 10 jxg of plasmid pCALNdLw/F is transferred into 
5 LLC-MK2 cells which are propagated to 40% confluence in a 10-cm dish 
and then the cells are cultured in 10ml MEM medium containing 10% 
FBS in an incubator with an atmosphere of 5% C0 2 at 37 °C for 24 hours. 
Cells are scraped from the dish after 24 hours, suspended in 10 ml 
medium, and aliquoted to five 10-ml dishes so that, for example, 1 

10 dish contains 5 ml, 2 dishes contain 2 ml, and 2 dishes contain 0.2 
ml of cell suspension. Each cell is cultured in 10 ml MEM medium 
containing 1,200 |ag/ml G418 (Gibco-BRL, Rockville, MD) and 10% FBS 
for 14 days with a medium change every 2 days and stably-transf ected 
cell lines are selected. For example, 30 strains of G418 resistant 

15 cells, grown in the medium, are recovered using a cloning ring. Each 
clone is propagated until it becomes confluent in a 10-cm dish. 

Selection of stably-transf ected cell lines with F gene is 
carried out as follows. Specifically, the expression level of F 
protein can be analyzed semi-quantitatively by Western blotting. The 

20 cells are cultured to confluence in 6-cm dishes and then infected 
with Adenovirus AxCANCre at moi= 3 by the method by Saito et al. (Saito 
et al., Nucl. Acids Res. 23, 3816-3821, 1995; Arai, T. et al., J. 
Virol. 72 (2), 1115-1121, 1998) to induce expression of F protein 
in each clone. Three days after infection, the culture medium was 

25 removed from the dish, and then cells were washed twice with PBS 
buffer, scraped with a scraper, centrifuged at 1500 x g for 5 min, 
and collected. The cells are stored at -80°C and resuspended in 150 
jil PBS buffer after thawing. An equal amount of 2x Tris-SDS-BME sample 
loading buffer (0.625 M Tris (pH 6.8), 5% SDS, 25% 2 -ME, 50% glycerol, 

30 and 0 . 025% BPB, Owl Separation Systems ) is added thereto . The mixture 
is heat-treated at 98 °C for 3 min and then subjected to 
electrophoresis. The samples (lx 10 5 cells per lane) are then 
subjected to SDS-polyacrylamide gel electrophoresis followed by 
Western blotting according to known protocols. SeV-F expression 

35 level is semi-quantitatively measured by Western blotting using 
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1:1000 dilution of anti-SeV-F antibody (f236) as the primary 
antibody . 

By the method as described above, the establishment of LLC-MK2 
cells in which SeV-F gene product can be inducibly expressed, is 
5 confirmed. Hereafter, these cells before the induction of SeV-F gene 
expression are described as LLC-MK2/F and the cells after the 
induction are described as LLC-MK2 /F/Ad . 

5. Reconstitution and amplification of F gene-deficient SeV 

10 F gene-deficient Sendai virus genomic cDNA containing 

angiogenic gene(s) can be reconstituted by transfecting helper cells 
expressing F gene with it. For example, F gene-deficient Sendai virus 
genomic cDNA containing the hFGF2 gene (pSeV18 + hFGF2/AF) as described 
above is used to transfect LLC-MK2 cells as follows. LLC-MK2 cells 

15 are seeded onto 10 -cm petri dishes at a density of 5x 10 6 cells/dish, 
incubated for 24 hours, and transfected (at moi= 2 to 3, preferably 
2) for 1 hour at room temperature with recombinant Vaccinia virus 
expressing T7 RNA polymerase (Fuerst, T. R. et al . , Proc. Natl. Acad. 
Sci. USA 83, 8122-8126, 1986) which has been treated with long wave 

20 UV (365 nm) and Solaren for 20 min. For UV exposure of the Vaccinia 
virus, for example, UV Stratalinker 2400 (Catalog No. 400676 (100 
V) , Stratagene, La Jolla, CA, USA) which is equipped with five 15-watt 
bulbs is used. Cells are washed twice and the plasmids 
pSeV18 + hFGF2/AF, pGEM/NP, pGEM/P, pGEM/L (Kato, A., et al., Genes 

25 Cells 1, 569-579, 1996), and pGEM/F-HN (WO 00/70070) are resuspended 
in OptiMEM (GIBCO) at ratios of 12 \iq, 4 \ig, 2 jxg, 4 ^ig, and 4 ^ig/dish, 
respectively, and mixed with SuperFect transfection reagent (1 |ug DNA 
/ 5 jil of Superfect, QIAGEN) . Mixtures are left standing at room 
temperature for 15 min and then added to 3 ml OptiMEM containing 3% 

30 FBS. The resulting mixture is added to the cells and incubated for 
3 to 5 hours. Cells are then washed twice with serum-free MEM and 
incubated in serum-free MEM containing 40 jig/ml of cytosine 
p-D-Arabinof uranoside (AraC, Sigma) and 7 . 5 jig/ml t rypsin (GIBCO) for 
24 hours. 

35 The culture medium is removed from the cell culture and helper 

cell expressing F gene, LLC-MK2 / F/Ad cells, which have been 



WO 02/42481 



constructed as described above, are layered on the cells. 
Specifically, LLC-MK2 /F/Ad cells are resuspended in serum-free MEM 
(containing 40 jig /ml AraC and 7.5 jig/ml trypsin) , layered on the cells 
without culture medium, and then incubated for 48 hours. Cells are 
5 collected using a scraper and pellets are resuspended in OptiMEM (10 7 
cells/ml) and freeze-thawed three times. The lysates are added (200 
Hl/well) to the LLC-MK2 / F/Ad cells (4x 10 6 cells/ well in 
12-well-plate) and additional 300 (il/well of serum-free MEM 
(containing 40 jmg/ml AraC, 7.5 |ig/ml trypsin) is added to each well 

10 and then incubated for 15 hours to 24 hours. The culture medium is 
removed, and cells are washed with serum-free MEM, and replaced with 
fresh serum-free MEM (containing 40 jig /ml AraC and 7 . 5 jig /ml trypsin) . 
Cells are incubated for 5 days to 9 days and the culture medium is 
collected. The collected medium contains reconstituted F 

15 gene-deficient SeV particles. The F gene-deficient SeV particles 
can be amplified by infecting into LLC -MK2 /F/Ad cells and culturing 
(or repeating the process) the cells in serum-free MEM (containing 
40 fig /ml AraC and 7.5 jig/ml trypsin). 

At this time, contamination of the recombinant Vaccinia virus 

20 which is used to express T7 RNA polymerase during reconstitution, 
is mostly prevented by filtering the culture medium containing F 
gene-deficient SeV particles twice with a 0.22 jam filter. 
Specifically, the culture (post-P2 samples) amplified twice or more 
in serum-free MEM containing AraC (containing 4 0 jag /ml AraC and 7.5 

25 ng/ml trypsin) are filtered twice with 0.22 Jim filter and the culture 
is further amplified once in serum-free MEM containing AraC 
(containing 40 jig /ml AraC and 7.5 ^g /ml trypsin) to obtain amplified 
F gene-deficient SeV which can serve as SeV free from recombinant 
Vaccinia virus contamination. 

30 In preparing deletion virus vectors, two different virus 

vectors having deletion of a different envelope gene in the genome 
may be transfected into the same cell. In this case, each deleted 
envelope protein is supplied through expression from the other 
vector, and this mutual complementation permits the generation of 

35 infective virus particles, which can replicate and propagate. Thus, 
two or more of the virus vectors of the present invention may be 
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simultaneously inoculated in a combination that complement each 
other, thereby producing a mixture of each envelope deletion virus 
vector at a low cost and in a large scale. Because these viruses 
lacking an envelope gene have a smaller genome, they can allow the 
5 insertion of a long exogenous gene. In addition, it is difficult 
for these viruses, which are intrinsically non-infective, to keep 
the status of co-infection after being diluted outside cells, and 
thus they are sterilized and less harmful to the environment. 

Once a viral vector is prepared using, as the exogenous gene, 

10 a gene for the treatment of a disease, then the vector can be 
administered to perform gene therapy. When the viral vector of the 
present invention is used in gene therapy, an exogenous gene that 
ensures desired therapeutic effects or an endogenous gene whose 
expression is impaired in the body of a patient can be expressed 

15 either by a method of direct administration or by a method of indirect 
(ex vivo) administration for gene expression. There is no limitation 
on the type of exogenous gene as long as it is an angiogenic gene 
or promotes angiogenesis , including not only a nucleic acid encoding 
a protein but also a nucleic acid encoding no protein, for example, 

20 ribozyme or antisense nucleic acid of a gene supressing angiogenesis. 

The collected Paramyxovirus can be purified to be substantially 
pure. Purification can be carried out by a known 

purification/separation method such as filtration, centrif ugation, 
and column purification, or the combination thereof. The term 

25 "substantially pure" means that a virus comprises the major portion 
in a sample where it is present as a component . Typically, a 
substantially pure virus vector in a sample can be confirmed when 
protein derived from the virus vector occupies 50% or more, 
preferably 70% or more, more preferably 80% or more, yet more 

30 preferably 90% or more, of the total proteins in the sample. 
Exemplary purification methods specific for Paramyxovirus include 
methods using cellulose sulfuric ester or cross-linked 
polysaccharide sulfuric ester (Examined Published Japanese Patent 
Application No. (JP-B) Sho 62-30752; JP-B Sho 62-33879; and JP-B Sho 

35 62-30753) , and methods which comprise allowing polysaccharide 
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comprising fucose sulphuric acid and/or its degradation product (WO 
97/32010) . 

The Paramyxovirus vector of the present invention can be made 
as a composition together with a desired, pharmaceutically 
5 acceptable carrier or medium. A "pharmaceutically acceptable 
carrier", as defined herein, refers to those materials that can be 
administered with a vector and do not significantly inhibit gene 
transfer achieved by the vector. For instance, the Paramyxovirus 
vector of the present invention may be appropriately diluted with 

10 a medium such as saline and phosphate buffered saline (PBS) , to 
prepare a composition. If the Paramyxovirus vector of the invention 
is propagated in chicken eggs, the composition may contain allantoic 
fluids. In addition, the composition may contain media such as 
deionized water or a 5% dextrose aqueous solution. It may further 

15 contain stabilizers, antibiotics, and such. The present invention 
provides a method for producing angiogenic compositions in the 
present invention, which comprises the step of mixing the vector of 
the present invention with the pharmaceutically acceptable carriers. 
The present invention also relates to the usage of the vectors of 

20 the present invention for producing the angiogenic compositions in 
the present invention. The compositions in the present invention 
are also useful as pharmaceutical compositions. The present 
invention relates to ischemia therapeutic formulations including the 
vectors in the present invention and pharmaceutically acceptable 

25 carriers. The present invention also relates to the use of the 
vectors and the compositions of the present invention as 
pharmaceuticals . 

Angiogenic genes carried by Paramyxovirus vectors can be 
transferred by administering Paramyxovirus vectors constructed as 

30 described above or the compositions containing the vectors. The 
present invention provides the method for inducing angiogenesis , 
which comprises the step of administering Paramyxovirus vectors of 
the present invention or angiogenic compositions of the present 
invention. The method is especially useful to treat ischemic 

35 tissues. Although there is no limitation to the sites of 
administration, local administration of the transgene directly into 
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ischemic tissues or their surrounding areas is preferable so that 
expression products are concentrated in ischemic tissues and are 
prevented from leaking into the circulatory system. Alternatively, 
it is preferable to express the transgenelocally in the target tissue 
areas using proper gene delivery systems. For example, gene delivery 
can be achieved by administering Paramyxovirus vector-containing 
compositions of the present invention from inside or outside of 
ischemic tissues in vivo in order to express exogenous genes in the 
ischemic tissues. In addition, it may be achieved by ex vivo 
administration. For example, cells transfected with Paramyxovirus 
vectors encoding angiogenic genes can be injected into ischemic 
tissue areas or infused into arteries, which flow through the 
ischemic tissues. 

Furthermore, local administration using a catheter can be 
selected. For example, vectors of the present invention can be 
administered by the double balloon catheter method, in which the 
vector compositions are infused into the area where the blood vessel 
is separated by two balloons, or by the administration method using 
a porous balloon (Jorgensen, B. etal., Lancet 1 (8647): 1106-8, 1989; 
Wolinsky, H. and Thung, S. N., J. Am Coll. Cardiol. 15 (2): 475-81, 
1990; WO 93/00051; WO 93/00052) . Hydrogel-coated balloons can also 
be used as described above (Takeshita, S. et al., Lab. Invest. 75 
(4) : 487-501, 1996) . 

For example, the vector compositions of the present invention 
can be directly infused into myocardium through the ventrical cavity 
using a catheter to treat, for example, cardiac infarction, ,angina, 
or other ischemic cardiac diseases. Moreover, angiogenesis and 
development of collateral circulation in the area of stenosis in the 
coronary artery can be promoted by local infusion of the vectors of 
the present invention using a catheter. 

However, the use of a catheter to administer the vectors 
requires a relatively long period of incubation and may cause 
vascular injury by the balloon. Moreover, it is often difficult to 
insert a catheter into diffuse blood vessels in ischemic tissues. 
Intramuscular (IM) administration of the vectors is especially 
preferred for the treatment of ischemic tissues in the present 



WO 02/42481 



invention. Intramuscular administration is easier than 

administration using a catheter and the risk of damaging a blood 
vessel is low. The vectors of the present invention are administered 
into, for example, ischemic tissues or striated muscles surrounding 
5 the ischemic tissues. Striated muscles include skeletal and cardiac 
muscles. Bupivacaine, which is known to promote the expression of 
transgenes by inducing regeneration of muscles, can be administered 
before the administration of the virus vectors. Moreover, 
intradermal (ID) administration can also be selected. The vectors 

10 can be transferred into muscles, for example, subcutaneously or 
directly through a skin incision. It is necessary to be careful not 
to damage fascia during the vector transfer. For example, 
administration can be conducted using needles and syringes, or a 
bioinjector, which does not require the use of needles. 

15 Administration can be carried out either at a single place or multiple 
places. Moreover, administration can be carried out either once or 
multiple times. 

The vectors of the present invention can be effectively 
administered in the form of a matrix. An exemplary method can be 

20 performed by dispersing virus vectors in aterocollagen matrix and 
solidif yingthe resulting mixtureby f reeze-drying, thereby allowing 
the matrix to gradually degrade. The use of this method has been 
reported to be useful for lasting effects of Adenovirus vectors known 
for their transient gene expression and of naked DNA (Ochida, T. et 

25 al., Nature Medicine 5, 707-710, 1999). The virus vectors of the 
present invention can be formulated with these auxiliary agents and 
can be f reeze-dried. Moreover, a lipid cation can be added to 
increase the expression effect. 

It is known that even a small administrative matrix can 

30 gradually release proteins such as growth factors over a long period 
of time through needles of approximate size of 18 gauge. For example, 
in the case of protein formulations are administered, the 
effectiveness of formulations such as a growth hormone last longer, 
for example, 7 days or more, than when formulations such as a growth 

35 hormone are administered alone. There is a report that the 
effectiveness can usually last 10 days or more (Unexamined Published 
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Japanese Patent Application No. (JP-A) Hei 10-001440) . This method 
thus enables to significantly reduce the number of administrations 
and amount of pain suffered by patients. The formulations can be 
used as, for example, solid injections (such as implants) , which are 
5 administered subcutaneously and intramuscularly and mucous membrane 
absorbents such as suppositories. The shapes of the solid 
formulations for injection are often particle- or rod-shaped, which 
can be administered by injection needles. Particle shapes such as 
sphere shape, and rod shapes such as square and cylindrical shapes, 

10 are preferred shapes for formulation. 

The size of the parenteral formulation of the present invention 
can be chosen depending on the type of administration and any size 
is suitable as long as it does not cause excess pain to patients. 
When the injection consists of a rod-shaped matrix of, for example, 

15 3 mm or less (for example, 0.1 mm to 3 mm) in diameter and 30 mm or 
less (for example, 0.5 mm to 30 mm) in length, preferably 1.3 mm or 
less (for example, 0.1 mm to 1.2 mm) in diameter and 20mm or less 
(for example, 0.5 mm to 20 mm) in length, which can be administered 
with an injection needle 14 gauge or smaller, and more preferably 

20 that of 0.1 mm to 1 mm in diameter and about 1 mm to 20 mm in length. 
The matrix is preferably cylindrical. Moreover, when the injection 
contains a particle-shaped matrix, the maximum diameter must be 1 
mm or less (for example, about 0.1 jam to 1 mm), preferably, 150 Jim 
or less (for example, about 0.5 jam to 100 jxm) , more preferably, about 

25 1 jam to 100 jam. Moreover, the weight of the matrix can be chosen 
depending on the shape of the formulation and for injection, the 
weights are often 40 mg or less, preferably, 1 mg to 25 mg. 

The genes transferred by the Paramyxovirus vector of the present 
invention are not limited as long as they promote angiogenesis and/or 

30 vascularization. For example, genes encoding aFGF, FGF2 (bFGF) , 
VEGF, Ang (including Ang-1 andAng-2), EGF, TGF-ot, TGF-p, PD-ECGF, 
PDGF, TNF-ct, HGF, IGF, EPO, CSF, M-CSF, GM-CSF, IL-8, and NOS, as 
described above, are used. These proteins include each member and 
isoform belonging to each family. One example especially suitable 

35 as an angiogenic gene, which is transferred by the Paramyxovirus 
vector of the present invention, is the gene encoding FGF2 . FGF2 
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is, for example, anticipated to be applicable for acute ischemia 
therapy. For example, a significant therapeutic effect for acute 
critical ischemic limbs can be expected. Moreover, FGF2 shows a 
therapeutic effect for cardiac infarction ( Yanagisawa-Miwa, A. et 
5 al., Science 257 (5075): 1401-3, 1992). Proteins can be a secretory 
protein, a membrane protein, a cytoplasmic protein, or a nuclear 
protein. Preferably, a secretory protein is used. Moreover, 
proteins may be artificially synthesized. Examples of artificially 
synthesized proteins are fusion proteins with other proteins, 

10 dominant negative proteins (including soluble molecules of receptors 
or membrane-binding dominant negative receptors) , deficient forms 
of cell adhesion molecules, and cell surface molecules. Moreover, 
proteins attached to secretory signals, membrane localization 
signals, nuclear import signals, and such can be used. The transgenes 

15 can be endogenously induced to be expressed in ischemic tissues. It 
is also possible that their expressions are not induced but can be 
expressed at different sites. Moreover, the function of the 
undesired genes expressed in ischemic tissues can be suppressed by 
expression of antisense RNA molecules or RNA cleaving ribozymes. 

20 The vectors of the present invention are expected to be 

applicable for gene therapy to treat various ischemic diseases as 
well as diseases that are treatable by angiogenesis . Such gene 
therapy includes, for example, the treatment for ischemia caused by 
vascular sever, infarction, and hemostatis due to vascular 

25 dissociation. The ischemic diseases treatable by the vectors of the 
present invention are, for example, cerebrovascular ischemia, kidney 
ischemia, lung ischemia, limb ischemia, ischemic cardiomyopathy, and 
myocardial ischemia. Tissues that are applicable for, gene therapy 
are not specifically limited and, for example, muscles, brains, 

30 kidneys, and lungs can be used. Moreover, it is effective for 
promoting angiogenesis in transplants. Furthermore, it is useful 
for constructing various disease models and for developing or 
evaluating treatment methods in disease models. 

Accelerated angiogenesis by vector administration can be 

35 confirmed by, for example, measuring the density and analyzing the 
number of capillary vessels in biopsy samples, and images by 
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angiography. Moreover, it can also be confirmed by blood flow 
analysis using Doppler perfusion image analysis. The treatment 
effect on ischemic tissues is confirmed by macroscopic observation 
of tissue necrosis or tissue amputation or the microscopic 
5 observation of tissue samples. 

Paramyxovirus vectors of the present invention are administered 
into target tissues at pharmaceutically effective doses and, thus, 
the vectors are transferred into the cells of the target tissues. 
"Pharmaceutically effective dose" means an amount of genes to be 

10 introduced into the cells of the target tissues, which achieves the 
preferable treatment effect or disease prevention effect at least 
partially. Angiogenic factors are produced from the cells, to which 
the vectors are transferred, by administering an effective dose of 
Paramyxovirus vectors of the present invention containing the 

15 desired angiogenic genes. Preferably, significant levels of 
angiogenic factors are detected in the tissues where the effective 
dose of the vectors of the present invention containing the desired 
angiogenic genes are administered. The phrase "significant level" 
indicates that the amount of expression (amount of transcription and 

20 translation products) of the genes transferred by the vectors of the 
present invention is detectable. For example, it indicates that the 
maximum expression level of the transferred gene is significantly 
enhanced as compared to the expression level of the endogenous gene 
when an endogenous gene corresponding to the transgene exists. 

25 Preferably, the expression level of the angiogenic genes at the site 
of administration is 1.2 times or more greater than the expression 
level of the endogenous gene, preferably 1.5 times or more, more 
preferably 2 times or more, even more preferably 10 times or more, 
and most preferably 20 times or more. However, the expression level 

30 of the transgene should be decided by considering the effective 
expression dose and toxic levels. 

The expression level of the transgenes in the cells can be 
assayed by methods well known to those in the art. The 
transcriptional products of the genes can be detected and quantified 

35 by the methods such as, Northern hybridization,. RT-PCR, and RNA 
protection assay. In situ detection can be performed by methods such 
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as ■ Northern hybridization and RT-PCR. Western blotting, Immuno 
precipitation, RIA, ELISA, Pull-down assays, and such, using 
antibodies, can be performed to detect translational products. 
Moreover, to make the detection of expression products of the 
5 transgene easier, tags can be attached to the expressed protein or 
reporter genes can be inserted such that the reporter genes are 
expressed. Examples of reporter genes include, without limitation, 
p-galactosidase, chloramphenicol acetyl transferase (CAT) , alkaline 
phosphatase, and green fluorescence protein (GFP) genes. 

10 A dose of the vector may vary depending on the disease, the body 

weight, age, sex, symptom, the purpose of administration, the 
transgene, and such, but it can be appropriately determined by those 
skilled in the art. The dose of the vector may be preferably within 
the range of about 10 5 cell-infectious units (CIU) /ml to about 10 11 

15 ClU/ml, and more preferably about 10 7 ClU/ml to about 10 9 ClU/ml, but 
most preferably about lx 10 8 ClU/ml to about 5x 10 8 ClU/ml, with 
pharmaceutically acceptable carriers. The composition of the 
present invention comprising the virus may be administered into 
subjects including all mammalian animals including humans, monkeys, 

20 mice, rats, rabbits, sheep, cattle, and dogs. 

The dose for humans is preferably within the range of 2x 10 8 CIU 
to 2x 10 10 CIU in general for each administration site, more 
preferably, a dose of around 2x 10 9 CIU, for example, within the range 
of 5x 10 8 CIU to lx 10 10 CIU. The frequency of administration is once 

25 or more times within the range of clinically acceptable side effects. 
The frequency of the administration per day is the same. For 
non-human animals, for example, administration can be done by 
increasing or decreasing the number of administration sites or by 
calculating the doses based on the weight ratio of human to the target 

30 animals or the weight ratio or volume ratio of target sites (such 
as ischemic tissues). 

Brief Description of the Drawings 

Fig. 1 is a schematic representation of operative procedures 
35 ' for moderate (left panel) and severe (right panel) ■ acute hind limb 
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ischemia of mice. Branched lines indicate arteries and veins in hind 
limb. Short thick lines indicate excisional sites of vessels. 

Fig. 2 is graphs showing hind limb ischemia-related expression 
of endogenous VEGF (solid) and FGF2 (hollow) in muscle -(left graph) 
5 and serum (right graph) . Moderate and severe ischemia models of 
C57BL/6 mice were used. Two days after operation, all thigh and calf 
muscles (n= 6) and serum (n= 6) were obtained, and subjected to 
enzyme-linked immunosorbent assays (ELISA) . Values were 

standardized by total extracted protein of muscle or volume, 

10 respectively, and expressed with mean ± S.D. Values of muscle 
contains both data of thigh and calf (i.e., n= 12 in each group). 
Mean values are shown in the graph. *P <0.01, #P <0.05 (analyzed 
by one-way AN OVA) . 

Fig. 3 is a photograph showing the result of RT-PCR for detecting 

15 induction of VEGF expression due to ischemia. 

Fig. 4 graphs showing expression level (left) and its time 
course change (right) of SeV-mediated firefly luciferase gene 
transferred into muscles. Luciferase activities are examined in the 
untreated group, the pCMV-luc (100 jxg) -administered group, and the 

20 SeV-luc (10 7 pfu or 10 8 pfu) -administered group, using moderate 
ischemia model of C57BL/6 mice (left) . The right panel shows the 
time course changes of the expression level of luciferase gene 
transferred in the moderate ischemic model. White circles indicate 
the of pCMV-luc (100 jag) - administered C57BL/6 mouse group. Black 

25 circles indicate the SeV-luc (10 8 pfu) -administered C57BL/6 mouse 
group. Shaded circles indicate the SeV-luc (10 8 pfu) -administered 
BALB/c nu/nu mouse group. Thick line indicates the cut off -values, 
above which the expression of the transgene becomes significant. The 
level of gene expression in each graph is represented in the same 

30 log scale. 

Fig. 5 is a graph showing the secretion level of angiogenic 
protein in human umbilical vein endothelial cells (HUVEC) , COS7 
cells, bovine vascular smooth muscle cells (BSMC) , and 
cardiomyoblast cells (H9C2) . "Basal release" indicates the 
35 production amount of each factor without the vectors. "Cut-off 
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value" indicates the level above which the expression of the 
transgene becomes significant. 

Fig. 6 is graphs showing in vivo expression of exogenously 
transferred FGF2 (a) and VEGF (b) gene in muscle (left) and serum 
5 (right) of moderate ischemic limb of C57BL/6 mice. Soon after the 
operative procedure, 50 \il of each vector solution was injected to 
thigh and calf muscles. Two days after operation, all thigh and calf 
muscles (n= 6, each) and serum (n= 6) were obtained, and subjected 
to ELISA for murine FGF2 (a) and, murine and human VEGF (b) , 

10 respectively. Values were standardized by total extracted protein 
or total volume of muscle and expressed with mean ± S.D. Mean values 
are shown in the figure. Note that the scales are in log scale. 

Fig. 7 is graphs showing gene transfer-mediated enhancement of 
endogenous murine VEGF expression in limb muscles of C57BL/6 mice 

15 without operation (left) , with moderate ischemia (middle) , and 
severe ischemia (right) . Soon after the operative procedure, 50 jil 
of each vector solution was injected to thigh and calf muscles. Two 
days after operation, all thigh and calf muscles and serum (n= 6 each, 
total n= 12) were obtained, afnd subjected to ELISA for murine VEGF. 

20 Values were standardized by total extracted protein of muscle, and 
expressed with mean ± S.D. Mean values are shown in the figure. *P 
<0.01, #P <0.05 (analyzed by one-way ANOVA) . 

Fig. 8 is photographs showing tissue images of gene-transferred 
mouse limb muscles. Histological observation was carried out 2 days 

25 after severe ischemia operation for C57BL/6 mice, which were then 
treated as described in the description of Fig. 7. Apparent 
inflammatory infiltrate and stromal edema can be seen in mock 
transfected (SeV-lucif erase; mock) thigh muscle ■ -(upper right) , 
compared to untreated animal (upper left; no ischemia) .. Severe 

30 damage of muscle fibers, intracellular edema, and inflammatory 
infiltrate can be seen in VEGF165-treated animals (bottom left; 
VEGF165) . These damages are inhibited by FGF2 gene transfer (bottom 
right; FGF2). Each group contains 6 animals and shows similar 
results. Hematoxylin-eosin staining. Original magnification x200. 

35 Fig. 9 is photographs showing therapeutic or adverse effects 

of exogenously transferred angiogenic factor genes in muscles of 
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severe limb ischemia mice 10 days after operation for left hind limbs. 

Each photograph simultaneously shows limb salvage score (LSS) . Upper 

panels show typical adverse effect in severe ischemia model of 

C57BL/6 mice (limb salvage model) . VEGF165-transf erred mouse 

5 demonstrated complete limb amputation (upper middle panel), while 

control mouse with luciferase (upper left panel) and FGF2-treated 

mouse (upper right panel) indicated salvaged limbs. Lower panels 

show typical therapeutic effect in severe ischemia model of BALB/c 

nu/nu mice (auto-amputation model) . FGF2-treated mouse demonstrated 

10 limb salvage (bottom right panel) , while control mouse with 

luciferase (bottom left panel) and VEGF165-treated mouse (bottom 

right panel) indicated almost complete loss of hind limbs. 

Fig. 10 is graphs showing limb prognosis curve in 

vector-administered limb salvage and auto-amputation models. The 

15 graphs show the rate (limb salvage rate) of vector-administered 
» 

animals retaining limb. As a result of intramuscular transfer of 
angiogenic genes, A shows adverse effects of VEGF165 in severe 
ischemia model of C57BL/6 mice (limb salvage model) and B shows' 
therapeutic effects of FGF2 in severe ischemia model of BALB/c nu/nu 

20 mice (auto-amputation model) . Each group was subjected to 3 separate 
experiments (n= 10) . Curve was described by Kaplen-Mayer ' s method, 
and data was analyzed with log-rank test. *P <0.0001. 

Fig. 11 is photographs showing in vivo angiogenic effect in 
C57BL/6 mice with severe hind limb ischemia (limb salvage model) 

25 measured with a laser Dopplar perfusion image analyzer. Recovery 
of blood perfusion was observed in the mice treated with 
SeV-luciferase, SeV-VEGF165, and SeV-FGF2 at 10 7 pfu. Each group 
shows the time course of same animal. Upper panels show typical 
results of time' course of blood flow recovery in mouse treated with 

30 SeV-luciferase (mock transf ection) . Blood reperfusion of thigh 
muscle was recognized around 4 days after intervention, and was 
apparent at day 7. At day 10, however, no clear perfusion at calf 
level was hard to be detected, resulting in limb atrophy with a sign 
of toe necrosis (rightmost panel) . Middle panels show typical time 

35 course of mouse withSeV-VEGFl 65 . No apparent and significant 
reperfusion was recognized in thigh and calf during observation, 
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resulting autoamputation of the limb (rightmost panel) . Lower panels 
show typical time course of mouse -treated with SeV-FGF2 . Apparent 
reperfusion at the thigh level was clearly seen until day 4, and 
significant blood flow was recognized in whole limb until day 10, 
5 resulting in complete limb salvage (rightmost panel) . 

Fig. 12 is a graph showing the recovery of blood perfusion by 
angiogenic gene therapy in C57BL/6 mice with severe ischemia (limb 
salvage model) . The average blood perfusion in the ischemic limb 
and control limb treated as in the description of Fig. 11 was 

10 calculated to give the blood perfusion value ratio of left limb 
(ischemic) / right limb (control) . *P<0.001 (compared with all other 
groups), #p <0.05 (compared with all other groups), ##p <0.05 
[compared with non-administered (mock) group] . 

Fig. 13 is a graph showing time course change in limb salvage 

15 ratios in mouse severe ischemia models (auto-amputation model) to 
which the F gene-deficient SeV vector containing the hFGF2 gene or 
replicative SeV vector containing the hFGF2 gene. In the figure, 
the number of subjects (n) and the dose of vectors are shown. 

20 Best Mode for Carrying out the Invention 

The present invention is specifically illustrated below with 
reference to Examples, but it is not to be construed as being limited 
thereto. Furthermore, the references cited throughout this 
description are incorporated herein by reference. 

25 Recombinant SeV was prepared as described previously (Yu, D. 

et al. , Genes Cells 2 (7) : 457-66, 1997; Yonemitsu, Y. , et al. , Nature 
Biotech. 18, 970-973 (2000); Kato, A., et al., Genes Cells 1, 569-579 
(1996); Hasan, M. K. , et al., J. Gen. Virol. 78, 2813-2820 (1997)). 
Virus titer was determined by hemagglutination assay using 

30 chicken red blood cells, and high titer stock (10 9 pfu/ml) was kept 
at -80°C until use. Human VEGF165 cDNA was isolated by RT-PCR as 
described previously (Yonemitsu, Y., et al., Lab. Invest. 75, 313-323 
(1996) ) . Full-length mouse FGF2 cDNA was prepared by PCR using 
partial sequence of the cDNA (Imamura, T., et al., Science 249, 

35 1567-1570 (1990)) donated from Dr. Imamura (National Institute of 
Bioscience and Human-Technology, Tsukuba, Japan) . Specifically, the 
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full-length cDNA was amplified using a partial mouse FGF2 cDNA 
fragment (a fragment of position 7 to 435 nucleotide of Accession 
Number M30644), which is missing the start and stop codon regions 
as a template, and N-terminus primer (5'- 

5 ACGTGCGGCCGCCAAAGTTCATCCACCATGGCTGCCAGCGGCATCACCTCGCTTCCC - 3 ' 

/SEQ ID NO: 15) containing the start codon of mouse FGF2 cDNA and 
C-terminus primer (5'- 

ACGTGCGGCCGCGATGAACTTTCACCCTAAGTTTTTCTTACTACGCGGATCAGCTCTTAGCAGA 
CATTGGAAGAAACAGTATGGCCTTCTGTCCAGGTCCCGT -3' /SEQ ID NO: 16) 

10 containing the stop codon and SeV specific sequence. The human 
VEGF1 65 and mouse FGF2 cDNAs , prepared as described above, were 
cloned into pSeV18 + b( + ) (Hasan, M. K. et al., 1997, J. General 
Virology 78: 2813-2820) at a NotI site after each nucleotide sequence 
was confirmed. Sendai virus vectors, which express human VEGF165 

15 or mouse FGF2, were referred to as SeV-VEGF165 or SeV-FGF2, 
respectively. SeV-lucif erase (Hasan, M. K. et al., J. Gen. Virol. 
78 (Pt 11) : 2813-2820, 1997; Yonemitsu, Y. et al., Nature Biotechnol . 
18: 970-973, 2000) and pCMV-lucif erase (Yonemitsu, Y. et al., Nature 
Biotechnol. 18: 970-973, 2000) were prepared as described above. 

20 All data of Examples of the present invention were represented 

as mean + S.D. in statistical analysis. The data except that of limb 
salvage were analyzed by one-way ANOVA with Scheffe's adjustment. 
For limb salvage, rate expressed by limb salvage score (LSS) was 
analyzed by Kaplen-Mayer ' s method. The statistical significance of 

25 the limb salvage experiments was determined using the log-rank test 
and p <0.05 was considered as significant in' all statistical 
analyses . 

The present invention provides the basic technology for gene 
therapy that targets ischemic tissues. Angiogenesis in the ischemic 
30 tissues can be effectively induced and necrosis can be prevented by 
using the gene transfer of the present invention. 

[Example 1] 

Ischemia-induced endogenous VEGF expression does not contribute to 
35 local proteinaccumulation in hind limb muscle 
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To assess the therapeutic and adverse effects of angiogenic 
factors, the present inventors established following 3 models of limb 
ischemia by 2 different operations (Fig. 1) : (1) moderate limb 
ischemia model of C57BL/6 mice in which whole femoral artery and vein, 
5 and saphenous arteries and vein have been excised (Fig. 1 left panel) 
(Couffifthal, T., et al., Am. J. Pathol. 152, 1667-1679 (1998); Kalka, 
C, et al., Proc. Natl. Acad. Sci. USA 97, 3422-3427 (2000)); (2) 
severe ischemia model of C57BL/6 mice in which whole external iliac 
artery and vein, femoral artery and vein, and all related branches 

10 have been excised (Fig. 1 right panel); and (3) immune deficient 
BALB/c nu/nu mice subjected to same surgical procedures as (2) (i. 
e., severe ischemia model of BALB/c nu/nu mice). 

Adult male C57BL/6, BALB/c, and BALB/c nu/nu mice (6-8 weeks 
old, Charles River Grade) were purchased from KBT Oriental Co. Ltd. 

15 (Tosu, Saga, Japan) . Animal experiments were performed using 
approved protocols and in accordance with recommendations for the 
proper care and use of laboratory animals by the Committee for 
Animals', Recombinant DNA, and Infectious Pathogens' Experiments at 
Kyushu University and were done according to the law (No. 105) and 

20 Notification (No. 6) of the Japanese Government and "Principles of 
Laboratory Animal Care" and "Guide for the Care and Use of Laboratory 
Animals' 7 by National Institute of Health of USA (publication No. NIH 
80-23, revised 1985) . 

Under sufficient anesthesia using intraperitoneal injection of 

25 pentobarbital, mice were subjected to skin incision. For the 
moderate ischemia model, whole superficial femoral artery and vein 
and saphenous artery and vein (from just below of deep femoral 
arteries to popliteal artery and vein) was ligated, cut, and removed 
(Fig. 1, left panel) (Couffinhal, T., et al., Am. J. Pathol. 152, 

30 1667-1679 (1998); Kalka, C, et al., Proc. Natl. Acad. Sci. USA 97, 
3422-3427 (2000)). For the severe ischemia model, additional 
excision of external iliac artery and vein with deep femoral artery 
were also made (Fig. 1, right panel) . Reproducibility of limb 
prognosis of these models were confirmed by the 3 to 5 separate 

35 experiments using 10 or more animals/model by same operator (I. M. ) . 
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Each limb salvage experiments contained animals subjected to 4 
individually separate experimentss . 

The model (1) as described above never lost their limbs, 
occasionally showing only a sign of toe necrosis. Further, the model 
5 (2) (severe ischemia model of C57BL/6 mice) did not show limb necrosis 
(called "limb salvage model") and all animals of the model (3) (severe 
ischemia model of BALB/c nu/nu mice) resulted in nearly total limb 
amputation within 10 days after operation (called "auto-amputation 
model") . The severe ischemia model of immunocompetent BALB/c mice 

10 also showed similar degree of limb necrosis to BALB/c nu/nu mice (data 
not shown) . Together with a previous report indicating that BALB/c 
mice are more susceptible to angiogenesis against growth factors than 
C57BL/6mice (Rohan, M. R. et al., FASEB J. 14, 871-876 (2000)), these 
results suggests that limb salvage in C57BL/6 mice seems to be depend 

15 rather on better collateral limb circulation than on susceptibility 
to angiogenesis. 

The present inventors assessed the endogenous expression of 
VEGF and FGF2 in the ischemic muscle and serum of the moderate and 
severe ischemia model as described above. Two days after operation, 

20 each limb muscle (whole thigh and calf muscle) and serum of C57BL/6 
mice were collected, and their tissues are homogenized or lysated, 
and then subjected to enzyme-linked immunosorbent assay (ELISA) . 
Recombinant proteins were synthesized using Quantikine Immunoassay 
systems (R&D Systems Inc., Minneapolis, MN) for human VEGF or mouse 

25 FGF2, and then quantified according to its instruction. The 
concentrations of total proteins were determined by Bradford method 
using protein assay system (Bio-Rad Laboratories, Hertfordshire, UK) 
and standardized (Yonemitsu, Y., et al . , Nature Biotech . 18, 970-973 
(2000) ) . 

30 Since there were no significant differences in protein 

concentration between thigh and calf muscles, both were included in 
each group. Interestingly, ischemic operation significantly 
enhanced FGF2 protein content in both hind limb ischemia model mice 
(the moderate model, 847.5 ± 187.7 pg/g muscle; the severe model, 

35 895. 4 ± 209.5 pg/g muscle; each n= 12), compared to baseline (489.7 
± 108.6 pg/g muscle; n= 12) for untreated mice (P <0.001) (Fig. 2) . 
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On the other hand, ischemia-related enhancement of VEGF expression 
was seen in the severe ischemic group, but not significant in the 
muscles (Untreated, 174 . 7 ± 4 3 . 1 ; Moderate, 119.2 ±53.4; and Severe, 
242.5 ± 244.3, n= 12) . These seemed paradoxical resultsbecause VEGF 
5 is a well-known mitogen strongly induced by tissue ischemia (Shweiki, 
D. et al., Nature 359, 843-845 (1992); Forsythe, J. A., et al . , Mol. 
Cell. Biol. 16, 4604-4613 (1996)). The present inventors measured 
VEGF level in serum since VEGF may leaked to systemic circulation. 
As expected, severity-dependent increase of VEGF protein level in 

10 serum was observed, while FGF2 level in serum could not be detected 
(Fig. 2, right panel)'. 

The present inventors hypothesized that limb ischemia may 
induce rather smaller isoforms of VEGF which is well-known less to 
interact to heparin sulfate than medium- or larger- sized VEGF (Cohen, 

15 T., et al., J. Biol. Chem. 270, 11322-11326 (1995)). To assess this 
hypothesis, the present inventors analyzed expression of VEGF 
isoforms in thigh muscle of C57BL/6 male mice a day after operation. 
The analysis was performed by RT-PCR using primer sets which can 
differentiate murine VEGF splicing isoforms including VEGF188, 164, 

20 144, and 120 (Burchardt, M . , et al., Biol. Reproduct . 60, 398-404 
(1999)). Primer sets were previously reported (Burchardt, M. , et 
al., Biol. Reproduct. 60, 398-404 (1999)) for rat VEGF on exon 1 and 
exon 8: forward primer (5'- TGC ACC CAC GAC AGA AGG GGA -3' /SEQ ID 
NO: 17) and reverse primer (5'- TCA CCG CCT TGG CTT GTC ACA T -3' /SEQ 

25 ID NO: 18), which correspond to sequences of murine VEGF isoforms. 
For detecting smallest isoform of murine VEGF (VEGF115) , sameforward 
primer as above and VEGF115-specif ic reverse primer (5'- CTA CCA AAA 
GTT TCC CAG.GCA G -3' /SEQ ID NO: 19) were used (Sugihara, T. et al., 
J. Biol. Chem. 273, 3033-3038 (1998)). RT-PCR was performed under 

30 conditions according to literatures (Burchardt, M . , et al . , Biol. 
Reproduct. 60, 398-404 (1999); Sugihara, T. et al., J. Biol. Chem. 
273, 3033-3038 (1998) ) . 

As a result, ischemia-related endogenous VEGF expression was 
seen only in 164 isoform, while no apparent other isoforms' 

35 expression was detected (Fig. 3) . Additional RT-PCR analysis cannot 
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detect the expression of a known smallest isoform, VEGF115 (Sugihara, 
T. et al., J, Biol. Chem. 273, 3033-3038 (1998)). 

[Example 2] 

5 Kinetics of recombinant Sendai virus-mediated intramuscular gene 
transfer to mouse hind limb 

For the kinetic study, the present inventors assessed levels 
and time course of transgene expression using firefly lucif erase. 
Lucif erase assay was carried out using a luminometer (Model LB 9507, 

10 EG&G Berthold, Germany) according to literature (Yonemitsu, Y., et 
al., Nature Biotech. 18, 970-973 (2000)). The data are represented 
as relative light units (RLU) /mg protein. The concentrations of 
total proteins were determined by Bradford method using a protein 
assay system (Bio-Rad Laboratories, Hertfordshire, UK) and were used 

15 for standardizing the value obtained by luciferase assay. Since limb 
muscle of severe limb ischemia model was apparently damaged, 
suggesting reduced transgene expression, moderate ischemia model 
(Fig. 1, left panel) were used for analysis. The gene (25 |il) was 
transferred to two sites, thigh and lower thigh muscles at the time 

20 of operation. Doses described herein below are the sum of the doses 
at two sites. Mice (C57BL/6 mice) that received 100 jag of 
pCMV-lucif erase (about 50 times higher than clinical dose) 
(Baumgartner, I., et al . , Circulation 97, 1114-1123 (1998); Isner, 
J. M. et al., J. Vase. Surg. 28, 964-973 (1998)) showed relatively 

25 high luciferase activity (mean ± S.D.= 5.1 ± 3.9x 10 6 RLU/mg protein, 
n= 6) 2 days after gene transfer, while approximately 5-times (2.4 
±3.8x 10 7 RLU/mg protein, n=12) and 120- times (7.3±4.7x 10 8 RLU/mg 
protein, n= 6) higher expressions were observed in mice that received 
SeV-lucif erase at 10 7 Plaque forming units (pfu) and SeV at 10 8 pfu, 

30 respectively. Further, time course of transgene expression was 
analyzed using moderate ischemia model of C57BL/6 mice that received 
luciferase expression plasmid (pCMV-luc) or SeV-luc in the same 
manner as described above. The moderate ischemia model of C57BL/6 
mice that received intramuscular injection of 10 8 pfu of 

35 SeV-lucif erase also showed decline of the expression in 
time-dependent manner (day 2: 7 . 3 ± 4 . 3x 10 8 RLU/mg protein, n= 12; 
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day 7: 3.4 ± 4.7x 10 7 RLU/mg protein, n= 12; and day 14: 2.6 ± 1.2x 
10 4 RLU/mg protein, n= 12) (Fig. 4, right panel) . Although time course 
of luciferase activity in the moderate ischemia model of 
immuno-def icient BALB/c nu/nu mice, to which 10 8 pfu of 
5 SeV-lucif erase were intramusculary administered, was similar to 
those of the C57BL/6 mice until day 7, the mice kept its expression 
level later (day 2: 9.4 ± 3.7x 10 8 RLU/mg protein, n= 12; day 7: 1.3 
± 1.9x 10 7 RLU/mg protein, n= 12; and day 14: 0 . 9 ± 1 . 3x 10 7 RLU/mg 
protein, n= 12 ) . 

10 Next, the present inventors assessed secretion of angiogenic 

proteins in vitro using various culture cells including not only 
muscular cells such as primary bovine smooth muscle cells (BSMCs) 
and cardiomyoblasts (H9C2), but also primary human umbilical vein 
endothelial cells (HUVECs) , and COS7 cells. FGF2 vector (SeV-FGF2) 

15 which contains no classical signal sequences for secreting proteins 
ws used in the present invention because previous studies by the 
present inventors and others demonstrated that FGF2 without 
secreting sequences could be expressed extracellularly (Piotrowicz, 
R. S. et al., J. Biol. Chem. 272, 7042-7047 (1997),; Qu, Z., et al., 

20 J. Histochem. Cytochem. 46, 1119-1128 (1998); Florkiewicz, R. Z. et 
al., J. Cell. Physiol. 162, 388-399 (1995)). As expected, the 
effective secretion of FGF2 protein into the culture medium could 
be detected as similar levels of VEGF165 in dose-dependent manner 
(for example, at MOI= 100: VEGF165 vs FGF2= 4, 354 ± 2, 794 vs 3,682 

25 ± 1, 063 in HUVEC, 275 ± 58 vs 398 ± 154 in BSMC, 16, 987 ± 4, 748 vs 
5, 976 ± 381 in H9C2, and 38, 648 ± 4,913 vs 1, 547, 237 ± 176, 502 in COS7 
cells, pg/10 5 cells/24 hours, n= 3, respectively) (Fig. 5) . 

[Example 3] 

30 Kinetics of SeV-mediated intramuscular expression of angiogenic 
factors in vivo 

The present inventors' examined the expression level of 
angiogenic factors in muscle after in vivo intramuscular 
administration of SeV-VEGF165 and SeV-FGF2 into moderate ischemia 
35 model of C57BL/6 mice. Each 25 |al administration was performed once 
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into the thigh and calf muscles, during operation, using a 26-gauge 
needle . 

Interesting results were obtained for in vivo expression of 
angiogenic factors compared to their in vitro expression and in vivo 
5 expression of the reporter gene. As shown in Fig. 6, 

SeV-FGF2 -mediated protein synthesis increased in dose-dependent 
manner reaching 100-fold greater than endogenous gene expression at 
highest titer (basal line, 429 ± 79, ischemia, 974 ± 150, 10 6 pfu, 
4,913 ± 313, 10 7 pfu, 13, 469 ± 12,611, and 10 8 pfu, 46, 703 ± 12,092 

10' pg/g muscle, n= 6 each in thigh muscle; basal line, 550 ± 104, ischemia, 
720 ± 128, 10 6 pfu, 1, 376 ± 158, 10 7 pfu, 8,252 ± 8,190, and 10 8 pfu, 
59, 704 ± 35, 297 pg/g muscle, n= 6 each in calf muscle) . Significant 
serum FGF2 could not be detected even at highest titer in all animals 
received SeV-FGF2. On the other hand, dose-dependent increase of 

15 VEGF165 was far less than that of FGF2 and did not reach to 2-fold 
of it at 10 7 pfu, and inversely, expression of SeV-derived human 
VEGF165 protein was almost undetectable at 10 8 pfu (basal line, 176 
± 44, ischemia, 143 ± 64, 10 6 pfu, 159 ± 67, 10 7 pfu, 224 ± 216, and 
• 10 8 pfu, <5 pg/g muscle, n= 6 each in thigh muscle; basal line, 173 

20 ± 45, ischemia, 95 ± 28, 10 6 pfu, 186 ± 30, 10 7 pfu, 172 ± 101, and 
10 8 pfu, <5 pg/g muscle, n= 6 each in calf muscle) . Although serum 
level of endogenous murine VEGF was significantly increased by 
moderate limb ischemia ( 37 . 7 ± 15 . 4 pg/ml , n= 6) , vector-derived human 
VEGF165 could not be significantly detected, suggesting that 

25 intramuscularly expressed VEGF165 did not diffuse to the systemic 
circulation . 

[Example 4] 

Ischemia-induced endogenous VEGF expression is markedly enhanced by 

30 angiogenic gene transfer 

The present inventors hypothesized that incomparable 
expression pattern between VEGF165 and FGF2 is due to endogenous VEGF 
expression. Overexpression of endogenous VEGF165 may exacerbate 
tissue ischemia via too much stronger permeability action, and may 

35 downregulate the SeV-dependent transcription. Further, a previous 
report indicated that the angiogenic activity of FGF2 was partly due 
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to enhanced endogenous VEGF expression in vitro and in vivo (Asahara, 
T., et al., Circulation 92, 365-371 (1995)). Thus, the present 
inventors assessed modulation of endogenous murine VEGF protein 
synthesis in muscles via exogenously transduced angiogenic factor 
5 genes using murine-VEGF specific ELISA system. As shown in Fig. 7, 
transfer of FGF2 gene, but not VEGF165 gene, significantly enhanced 
endogenous murine VEGF levels in muscles in both limb conditions such 
as normal circulation (no operation) and moderate ischemia. In case 
of severe limb ischemia, gene transfer of both angiogenic factors, 

10 dramatically enhanced endogenous murine VEGF expression, and in 
particular, VEGF165 resulted in around 7-hold higher than that of 
ischemia itself (Mock) . 

To assess these further, the present inventors histologically 
observed effects of gene transfer of angiogenic factors in C57BL/6 

15 severe ischemia model (Fig. 8) . Ischemic operation followed by mock 
transfection (Mock) demonstrated diffusely picnotic muscle fibers 
associating intracellular edema and inflammatory infiltrate 2 days 
later. These findings were markedly enhanced by VEGF165 gene 
transfer, while apparently inhibited by FGF2 gene transfer (Fig. 8) . 

20 

[Example 5] 

Exogenously transduced VEGF165 acts as a limb damaging factor rather 
than limb salvaging factor in acute severe limb ischemia 

Based on findings as described above, the present inventors 

25 tested therapeutic effects of in vivo gene transfer of angiogenic 
factors using both moderate and severe ischemic limb models. The 
present inventors used viruses at 10 7 pfu for observing in vivo 
therapeutic effect, because VEGF165 at highest dose of 10 8 pfu could 
not produce transgene products as shown above. The present inventors 

30 categorized the degree of limb necrosis for 4 salvage scores (Limb 
Salvage Score: LSS) : LSS= 4, complete limb salvage; LSS= 3, limb 
necrosis below heel; LSS= 2, limb necrosis below knee; LSS= 1, limb 
necrosis above knee; and LSS= 0, total limb amputation around the 
inguinal ligament. According to this classification, the present 

35 inventors firstly tested the toxicity of SeV-mediated expression of 
angiogenic factors using limb salvage model of C57BL/6 mice under 
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. severe limb ischemia. The angiogenic genes were transferred in the 
same manner as in Example 2. 

Mice of all groups completely maintained their limbs when 
vectors were injected thereto two days before ischemia operation. 
5 Mice of all groups including FGF2-administered group, except 
VEGF165-administered group, showed complete limb salvage (%LLS= 
100%) when vector was injected at the period of operation. As shown 
in Fig. 9 and 10, however, some mice that received VEGF165 lost their 
limbs (5/10 mice lost their limbs, %LLS= 52.5%, p <0.0001 compared 

10 to other groups) (Fig. 10A) . These results suggest limb-damaging 
effect of VEGF165 gene transfer. Next, the effect of gene therapy 
with angiogenic genes was analyzed using severe ischemia model 
(auto-amputation model) of BALB/c nu/nu mice. As a result, 
administration of SeV-VEGF165 could not improve hind limb prognosis 

15 (8/10 lost limbs, %LLS= 15.0%) similar to that of 
lucif erase-expressing SeV (5/6 lost limbs, %LLS= 16.7%), while 
administration of SeV-FGF2 significantly inhibited limb amputation 
in nu/nu mice (2/10 lost limbs, %LLS= 77.5%) (Fig. 10B) . This 
indicates apparent limb salvage effect of FGF2 gene transfer. 

20 Subsequently, the present inventors determined the effect of 

intramuscular gene transfer of the recovery of blood perfusion in 
left limbs subjected to severe ischemia operations, by laser Doppler 
perfusion image analysis (Couffinhal, T., etal., Am. J. Pathol. 152, 
1667-1679 (1998); Murohara, T., et al., J. Clin. Invest. 105, 

25 1527-1536 (2000) ) . Severe ischemia model (limb salvage model) of 
C57BL/6 mice were subjected to gene transfer under the same 
conditions as in the description of Fig. 10A (limb salvage model) . 
Measurements of the ischemic (left) /normal (right) limb blood flow 
ratio using a laser Doppler perfusion image (LDPI) analyzer (Moor 

30 Instruments, Devon, UK) were performed as described previously 
(Couffinhal, T., et al., Am. J. Pathol. 152, 1667-1679 (1998); 
Murohara, T., et al., J. Clin. Invest. 105, 1527-1536 (2000)). 
Specifically, mice were placed on a heating plate kept at 37°C to 
minimize data variations due to body temperature before 

35 initiatinglaser scanning. At predetermined time points (before 
operation and on postoperative days2, 4, 7, and 10) , two consecutive 
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scans were performed over the same region of interest (legs and feet) 
in each animal (Fig. 11) . No essential difference between the two 
scans was found. After laser scanning, the stored images were 
subjected to computer-assisted quantification of blood flow, and the 
5 average flow of the ischemic and non-ischemic feet were calculated. 
To minimize data variables due to ambient light and temperature, the 
LDPI index was expressed as the ratio of left (ischemic) to right 
(non-ischemic) limb blood flow. 

In both mice with SeV-lucif erase (Mock) and SeV-FGF2, 

10 apparently blood perfusion was detected around upper thigh at day 
4, and particularly, significant perfusion into the calf muscle was 
seen in the FGF-administered group at day 4,7, and 10, compared to 
limited perfusion in the thigh muscle in lucif erase-administered 
group at the same time points (Fig. 11) . As representative results, 

15 some of lucif erase-in j ected mice showed moderate atrophic limbs, 
while FGF2-inj ected mice largely showed undamaged limbs. In 
contrast, mice received VEGF165 revealed very low blood perfusion 
in thigh muscle, resulting limb amputation (Fig. 11) . All mice 
received SeV-VEGF165 had lost their limbs at least knee level. The 

20 observation results of limb blood perfusion in each administration 
group are described below. 

1 . SeV-lucif erase-administered individuals 

Blood perfusion in the left lower limb was hardly observed 

25 immediately after operation. Blood perfusion was gradually 
recovered and by 4 days after operation it was recovered up to 
approximately the middle of the femoral region. However, blood 
perfusion into the lower thigh had not recovered by 10 days after 
operation. As a result, the lower limb did not have necrosis but 

30 showed atrophy to some extent as shown in the rightmost panel. The 
same result was observed in one third of the individuals. Some 
individuals showed better recovery than other individuals did as 
described above. 

35 2. SeV-VEGF165-administered individualsed 
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As described above, most of the blood perfusion was diminished 
right after operation. Further periodical observation could hardly 
find the recovery of blood perfusion in the femoral region. As a 
result, the lower limb from middle of the femoral region was 
5 auto-amputated as shown in the rightmost panel. All 10 individuals 
showed completely the same result. 

3. SeV-FGF2- administered individuals 

As described above, most of the blood perfusion in the left lower 
limb was diminished right after operation. The region where blood 
perfusion was diminished was about the same as the 
SeV-luciferase-administered individual. Strong blood perfusion 
(indicated by red spots) was observed in the femoral region at about 
day 4 and weak blood perfusion in the lower limb was already observed 
at day 7. Slight but significant blood perfusion (indicated in blue) 
throughout the left lower limb was observed at day 10. As a result, 
the lower limb was maintained as it was normal in appearance as shown 
in the rightmost panel. 

The present inventors statistically compared Dopplar 
image-based blood flow in thigh muscle of each groups. As shown in 
Fig. 12, mice received SeV-FGF2 showed significantly higher blood 
perfusion than those received SeV-lucif erase with physiological 
recovery of limb circulation. In contrast, blood flow in thigh muscle 
of mice treated with SeV-VEGF165 remained low, and after 7 days post 
operation many of them lost their limbs at least knee level. 

[Example 6] 

Therapy of acute ischemic limb using replication ability-deficient 
Sendai virus vector 
30 1. Construction of F gene-deficient Sendai virus genome cDNA 
containing angiogenic genes 

First, amplification of the EGFP gene was performed by PCR to 
construct the plasmid (pSeV18 + /AF-GFP) containing the EGFP gene at 
the F gene-deficient site in the plasmid pSeV18 + /AF (see WO00/70055 
35 and WO00/70070) , which was prepared by deleting the F gene of the 
plasmid pSeV18 + b( + ) (Hasan, M. K. et al., J. Gen. Virol. 78, 
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2813-2820, 1997) containing full-length Sendai virus (SeV) genomic 
cDNA. PCR was performed using Nisl-tailed primer (5'- 

atgcatatggtgatgcggttttggcagtac /SEQ ID NO: 9) for 5' end and 
NgoMIV-tailed primer (5'- tgccggctattattacttgtacagctcgtc /SEQ ID 
5 NO: 10) for 3' end to adjust the number of nucleotides of the EGFP 
gene fragment to be a multiple of 6 (Hausmann, S. et al., RNA 2, 
1033-1045, 1996) . The PCR product was digested with restriction 
enzymes Nsil and NgoMIV and a fragment was recovered from a gel and 
subcloned into the F gene-deficient region in pUC18/dFSS between Nsil 

10 and NgoMIV and sequencing was performed for confirmation. The EGFP 
gene-containing Drain fragment isolated from this vector was 
replaced with the Drain fragment of pSeV18 + containing the F gene, 
and ligated to construct pSeV18 + /AF-GFP. However, even though the 
downstream ORF of the F gene is removed from pSeV18 + /AF, the EIS 

15 sequence (SeV specific sequence, E: end, I: intergenic, S: start) 
of the F gene remains causing the possible expression of a 5 amino 
acid peptide derived from the primer which is used to connect the 
fragment into the vector. Moreover, since GFP is coexpressed in 
pSeV18 + /AF-GFP, a vector which did not coexpress GFP and the 

20 5-amino-acidpeptide was constructed. The recombination was 
performed to construct the vector as follows. 

The fragment (6288 bp) containing the F gene-deficient region 
was recovered by digesting pSeV18 + /AF-GFP with Sail and Nhel and 
cloned into Litmus38 (New England Biolabs, Beverly, MA) to construct 

25 LitmusSallNhelf rg/AF-GFP. The deletion of the EGFP gene containing 
the EIS sequence located upstream of the F gene-deficient region was 
performed by Inverse PCR. Specifically, PCR was performed using a 
reverse primer (5'- gtttaccaggtggagagttttgcaaccaagcac /SEQ ID NO: 
11) which was designed to contain a restriction enzyme SexAI 

30 recognition sequence in upstream of GFP gene and a forward primer 
(5'- ctttcacctggtacaagcacagatcatggatgg /SEQ ID NO: 12) which was 
designed to contain the restriction enzyme SexAI recognition 
sequence in downstream of GFP gene. The desired sized fragment (10855 
bp) was isolated and ligated to delete the EGFP gene containing the 

35 EIS sequence located upstream of the F gene-deficient region. 
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In this construct, the extra 15 -bp sequence is inserted between 
SexAI sites due to the design of the primers. Therefore, the plasmid 
was prepared by transforming into E. coli SCS110 strain (dcm'/daia 
SCS110 strain was used because SexAI was methylated and could not 
5 be digested) . Two DNA fragments, 1628 bp and 9219 bp, were recovered 
after digesting with SexAI, and ligated to remove the extra 15-bp 
fragment. Finally, LitmusSallNhelf rg/AF (A5aa) was constructed, in 
which the EGFP gene containing the EIS sequence located upstream of 
the F gene and consisting of a multiple-of-6 number of nucleotides 

10 was deleted. After the plasmid was digested with Sail and Nhel, the 
resulting fragment was recovered, replaced with a Sall/Nhel fragment 
which contained the F gene of pSeV 18 + , and ligated to construct 
plasmid pSeV18 + /AF (A5aa) . Insertion of the angiogenic gene (for 
example, human FGF2 gene) into the plasmid was performed as follows 

15 using the restriction enzyme NotI recognition sequence located 
upstream of the NP gene. 

2. Construction of F gene-deficient Sendai virus genome cDNA encoding 
hFGF2 

20 Human FGF2 (hFGF2) cDNA was obtained by RT-PCR from vascular 

smooth muscle cells isolated from human great saphenous artery with 
the consent of the subject and thereby subcloning the PCR product 
into pBluescriptSK+ (Stratagene, La Jolla, CA) at Hindlll (5' end) 
and EcoRI (3' end) sites. At the same time, the hFGF2 cDNA sequence 

25 was confirmed to be identical to the reported sequence by Abraham 
et al. (Abraham, J. A. et al . , EMBO J. 5 (10), 2523-2528, 1986). 

In order to insert the hFGF2 gene at the restriction enzyme NotI 
site located upstream of the NP gene in pSeV18 + /AF (A5aa) , a SeV 
specific sequence (EIS sequence) was added at the 3' end of the hFGF2 

30 gene and the fragment containing a NotI recognition sequence at both 
ends was prepared. Specifically, PCR was performed using the hFGF2 
cDNA described above as a template and using N-terminus primer (5'- 
atccgcggccgccaaagttcacttatggcagccgggagcatcaccacgctgcccgccttgcccg 
aggatggcggcagcggcgcc /SEQ ID NO: 13) containing a start codon and 

35 C-terminus primer (5'- 

atccgcggccgcgatgaactttcaccctaagtttttcttactacggtcagctcttagcagacat 
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tggaagaaaaagtatagc /SEQ ID NO: 14) containing a stop codon and the 
EIS sequence . The PCR product was digested with NotI and then 
subcloned into pBluescriptSKH- (Stratagene, La Jolla, CA) at a NotI 
site to obtain pBS-hFGF2. The nucleotide sequence of pBS-hFGF2 was 
confirmed. 

The fragment containing hFGF2 cDNA was obtained by digesting 
pBS-hFGF2 with NotI and subcloned into pSeV18 + /AF (A5aa) at a NotI 
site located upstream of the NP gene to construct F gene-deficient 
Sendai virus genomic cDNA containing the hFGF2 gene, pSeV18 + hFGF2/AF 
(A5aa) (pSeV18 + hFGF2/AF (A5aa) is also indicated as pSeV18 + hFGF2 /AF) . 
Moreover, NotI fragment containing hFGF2 cDNA was inserted at NotI 
site in pSeV18 + b(+) encoding virus cDNA with replication ability to 
construct pSeV18 + hFGF2 . Replicative SeV vector expressing human FGF2 
was prepared from pSeV18 + hFGF2 by the known method (Hasan, M. K. et 
al., J. Gen. Virol. 78: 2813-2820, 1997; Kato, A. et al., 1997, EMBO 
J. 16: 578-587; Yu, D. et al., 1997, Genes Cells 2: 457-466) to 
construct SeV-hFGF2 . 

3. Reconstruction and amplification of F gene-deficient SeV 
20 Reconstruction of F gene-deficient SeV vector using 

F-expressing helper cells (LLC-MK2/F; see WOOO/70055 and WO00/70070) 
which inducibly expressed the Sendai virus F gene (SeV-F) by Cre DNA 
recombinase was performed (the cells before the induction of SeV-F 
gene expression are referred to as LLC-MK2/F and the cells after that 
25 as LLC-MK2 / F/ Ad ) . LLC-MK2 cells were seeded onto 10-cm Petri dish 
in diameter at 5x 10 6 cells/dish, incubated for 24 hours, and then 
transfected for 1 hour (moi= 2) with T7 RNA polymerase-expressing 
recombinant Vaccinia virus (Fuerst, T. R. et al., Proc. Natl. Acad. 
Sci. USA 83, 8122-8126, 1986) which were treated with solaren and 
30 long wave ultra violet light (365 mm) for 20 min. UV Stratalinker 
2400 (Catalog Number 400676 (100 V), Stratagene, La Jolla, CA, USA) 
equipped with five 15-watt bulbs was used for UV exposure to Vaccinia 
virus. Cells were then washed twice. Plasmids pSeV18 + hFGF2/AF, 
pGEM/NP, pGEM/P, pGEM/L (Kato, A. et al., Genes Cells 1, 569-579, 
35 1996), and pGEM/F-HN (WO00/70070) were resuspended in OptiMEM 
(GIBCO) at concentration of 12 \xq, 4 jug, 2 ^ig, 4 \xq, and 4 |xg per dish, 
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respectively, and then mixed with SuperFect transfection reagent (1 
|ag DNA/5 \il of SuperFect, QIAGEN) . The mixtures were left at room 
temperature for 15 min, mixed with 3 ml OptiMEM containing 3% FBS , 
and then added to the cells. The cells were incubated for 3 to 5 
5 hours, washed with ' serum-free MEM twice, and further incubated in 
serum-free MEM containing 40 jag/ml cytosine p-D-arabinof uranoside 
(AraC, Sigma) and 7.5 |ig/ml trypsin (GIBCO) for 2 4 hours. 

The culture medium was removed from the cell cultures and the 
F-expressing helper cell LLC-MK2 /F/Ad cells cloned as described 

10 above were layered on top of the cells. Specifically, LLC-MK2 /F/Ad 
cells suspended in serum-free MEM (containing 40 jig/ml AraC and 7.5 
jug/ml trypsin) were layered on top of the cells in which the culture 
medium had been removed, and then the cells were incubated for 48 
more hours. The cells were recovered by scraper and pellets were 

15 resuspended in OptiMEM (10 7 cells/ml) and f reeze-thawed 3 times. This 
lysates (200 jal/well) were layered on top of LLC-MK2 / F/Ad cells (4x 
10 6 cells/well of 12-well plate), 300 ^il/well of serum-free MEM 
(containing 40 |xg/ml AraC and 7.5 jig/ml trypsin) was added thereto, 
and the cells were incubated for 15 to 24 hours. The culture medium 

20 was removed and cells were washed with serum-free MEM. A fresh 
serum-free MEM (containing 40 |ig/ml AraC and 7.5 jag/ml trypsin) was 
added to the cells and then incubated for 5 to 9 days, and culture 
medium was collected. The collected culture medium was used to infect 
LLC-MK2 / F/Ad cells and the cells were incubated as described above 

25 in serum-free MEM (containing 40 |ug/ml AraC and 7.5 |Lxg/ml trypsin) 
to amplify F gene-deficient SeV. 

At the same time, the culture medium containing F gene-deficient 
SeV particles was passed twice through a 0.22 jam filter to remove 
contaminating recombinant Vaccinia virus used for T7 RNA polymerase 

30 expression during the reconstruction. Specifically, the culture 
medium (sample after P2 ) amplified at least twice with serum-free 
MEM containing AraC (containing 40 (^g/ml AraC and 7.5 jag/ml trypsin) 
was passed twice through a 0.22 jam filter. Furthermore, the culture 
medium amplified once with serum-free MEM containing AraC 

35 (containing 40 jag/ml AraC and 7.5 fxg/ml trypsin) was recovered to 
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•obtain F gene-deficient SeV (SeV-hFGF2/AF) which was amplified 
without contamination of recombinant Vaccinia virus, 

4. Gene therapy for ischemic limb using replicative and 
5 non-replicative human FGF2 expression SeV vector 

The present inventors assessed the treatment effect by 
administration of replicative and non-replicative human FGF2 
expression SeV vector using severe ischemia model of BALB/c nu/nu 
mice (auto-amputation model) described in Example 1. Angiogenic gene 

10 transfer was carried out in the same manner as in Example 2. The 
vectors were injected during operation. Limb amputation after 
operation was observed and the limb salvage ratio (ratio of the number 
of individuals which kept limbs to the total number of animals) at 
each period was calculated (Fig. 13) . 

15 Control mice that received luciferase expression SeV 

(SeV-lucif erase) showed a high limb amputation ratio, similar to the 
non-administered mice. In contrast, limb amputation was 

significantly suppressed in mice that received human FGF2 expression 
vector (SeV-hFGF2 and SeV-hFGF2/AF) . This experiment revealed that 

20 human FGF2-expressing Paramyxovirus vector is highly effective as 
an angiogenic gene transfer vector to treat ischemic diseases, and 
that non-replicative Paramyxovirus vector is effective for ischemia 
treatment . 



25 
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CLAIMS 

1. A Paramyxovirus vector encoding an angiogenic gene capable 
of being expressed. 
5 2. The Paramyxovirus vector of claim 1, wherein the angiogenic 

gene is fibroblast growth factor 2 (FGF2) . 

3. The Paramyxovirus vector of claim 1, wherein the 
Paramyxovirus is Sendai virus.. 

4. The Paramyxovirus vector of claim 1, wherein said vector 
10 lacks the F gene. 

5. An angiogenic composition comprising the Paramyxovirus 
vector of claim 1 or a cell containing the vector, and a 
pharmaceutically acceptable carrier. 

6. The composition of claim 5, wherein said composition is for 
15 the treatment of ischemic tissues. 

7. The composition of claim 5, wherein said composition is for 
intramuscular administration . 

8. A method for inducing angiogenesis, wherein said method 
comprises the step of administering the angiogenic composition of 

20 any one of claims 5 to 7 . 



WO 02/42481 *> q 

f 

ABSTRACT 

The present invention provides Paramyxovirus vectors encoding 
angiogenic genes and use of the same. The use of Paramyxovirus 
5 vectors enables effective transfer of angiogenic genes into 
individual tissues. FGF2 gene transferred into ischemic tissues in 
vivo induces expression of angiogenic genes without causing edema, 
and prevents necrosis due to ischemia. The vectors of the present 
invention are suitable for gene therapy targeted to ischemic tissues. 

10 



